I 


ELECTRO PHORETIC  AND  IMMUNOCHEMICAL  IDENTIFICATION 

OF  SEAFOOD  SPECIES 
USING  SHRIMP  AS  A  MODEL 


BY 

HAEJUNG  AN 


A  DISSERTATION  PRESENTED  TO  THE  GRADUATE  SCHOOL  OF 
THE  UNIVERSITY  OF  FLORIDA 
IN  PARTIAL  FULFILLMENT  OF  THE  REQUIREMENTS  FOR 
THE  DEGREE  OF  DOCTOR  OF  PHILOSOPHY 


UNIVERSITY  OF  FLORIDA 


1989 


To  my  parents, 
Mr.  Sungho  Ann  and  Ms.  Seung-ah  Park 
With  Love  and  Gratitude 


ACKNOWLEDGEMENTS 
I  wish  to  express  my  sincere  appreciation  to 
Dr.  Cheng-i  Wei,  the  chairman  of  my  graduate  committee,  for 
his  excellent  leadership,  support,  and  encouragement  without 
whom  the  accomplishment  of  this  project  was  impossible.  I 
would  like  to  extend  my  gratitude  to  Dr.  Paul  A.  Klein  for 
his  special  assistance  and  suggestions  to  improve  the  depth 
of  this  project.  My  special  thanks  are  extended  to  Drs. 
Maurice  R.  Marshall,  W.  Steven  Otwell,  and  Kuo-Jang  Kao,  for 
their  assistance,  advice  and  support. 

Finally,  my  special  thanks  are  extended  to  my  husband, 
Mr.  Thomas  A.  Seymour,  for  his  patience,  love,  and  willingness 
to  share  the  joy  and  sorrow;  and  to  my  parents,  Mr.  and  Mrs. 
Sungho  Ahn,  who  are  always  with  me  in  heart,  for  their  deep 
faith  and  love. 


iii 


TABLE  OF  CONTENTS 

Page 

ACKNOWLEDGEMENTS    iii 

LIST  OF  TABLES    vii 

LIST  OF  FIGURES    viii 

ABSTRACT    xii 

CHAPTERS 

I.   INTRODUCTION    1 

II.   REVIEW  OF  THE  LITERATURE    6 

Electrophoretic  Identification  Methods    6 

Principles  of  Electrophoretic  Methods  ...  6 

Polyacrylamide  gel 

electrophoresis    6 

Sodium  dodecyl  sulfate- 

polyacrylamide  gel 

electrophoresis    8 

Isoelectric  focusing    9 

Two-dimensional  gel 

electrophoresis    10 

Application  of  Electrophoretic  Methods 

for  Species  Identification    11 

Immunological  Identification  Methods    14 

Principles  of  Immunological  Assays    15 

!                         Precipitin  reaction    15 

Ouchterlony  double  diffusion    15 

Agglutination    16 

Immunoelectrophoresis    16 

Indirect  assays    16 

Western  blotting    IV 

iv 


Principles  of  Hybridoma  Technique    18 

Application  of  Monoclonal  Antibodies 
in  Immunochemical  Identification 
Techniques    21 

Chromatographic  Identification  Methods    23 

Principles  of  Chromatographic  Methods  ...  23 

Liquid-liquid  chromatography    24 

Liquid-solid  chromatography    25 

Ion-exchange  chromatography    25 

Ion-pair  chromatography    26 

Exclusion  chromatography    26 

Affinity  chromatography    27 

Application  of  Chromatographic  Methods 

in  Species  Identification    27 

Shrimp  Species  Identification  by 

Conventional  Method    28 

III     ELECTROPHORETIC  IDENTIFICATION  OF  RAW  AND 
COOKED  SHRIMP  USING  VARIOUS  PROTEIN 
EXTRACTION  SYSTEMS 

Introduction    33 

Materials  and  Methods    35 

Results  and  Discussion    39 

Conclusion    57 

IV     SPECIES  IDENTIFICATION  OF  RAW  AND  BOILED 
SHRIMP  BY  A  UREA  GEL  ISOELECTRIC  FOCUSING 
TECHNIQUE 

Introduction    59 

Materials  and  Methods    61 

Results  and  Discussion    65 

Conclusion    76 

V     USE  OF  A  MODIFIED  UREA  GEL  ISOELECTRIC 

FOCUSING  TECHNIQUE  FOR  SPECIES  IDENTIFICATION 
OF  RAW  AND  BOILED  SHRIMP 

Introduction    78 

Materials  and  Methods    79 

Results  and  Discussion    83 

Conclusion    92 


v 


VI     IMMUNOCHEMICAL  IDENTIFICATION  OF  SHRIMP 
SPECIES  USING  ROCK  SHRIMP  AS  A  MODEL 

Introduction    95 

Materials  and  Methods    97 

Results  and  Discussion    106 

Conclusion    I40 

VII     SUMMARY  AND  RECOMMENDATIONS    141 

APPENDIX 

ELECTROPHORETIC  IDENTIFICATION  OF  FISH 
SPECIES  USED  IN  SURIMI  PRODUCTS 

Introduction    145 

Materials  and  Methods   147 

Results  and  Discussion    151 

Conclusion    164 

REFERENCES    I65 

BIOGRAPHICAL  SKETCH    177 


vi 


LIST  OF  TABLES 


Table  Page 

1.  Protein  of  the  various  shrimp  extracts    42 

2.  Protein  recovery  of  water,  1%  SDS  and  8  M  urea 

in  extracting  shrimp  protein    44 

3.  The  efficiency  of  the  SDS-PAGE  assay  in 
determining  the  percent  content  of  rock  shrimp 

in  various  mixtures  by  a  blind  study    53 

4.  Composition  of  various  unknown  mixture  samples 

used  in  Blind  Study  II    107 

5.  The  relative  mobility  and  percent  area  of 
the  various  rock  shrimp  protein  bands  on  the 
SDS-PAGE  gel  as  determined  by  a  gel  scanner    113 

6.  Screening  of  hybridoma  master  cultures  by  ELISA 
for  reactivity  with  protein  "C"  and  various 

shrimp  extracts    116 

7 .  Screening  of  cloned  hybridoma  cultures  by  ELISA 
for  reactivity  with  protein  "C"  and  various 

shrimp  extracts    121 

8.  The  reactivity  of  4H2-10D3  McAb  with  the  water 
extracts  of  the  various  seafood  and  meat  samples 

in  a  blind  study  using  the  ELISA  test   137 

9.  Sensitivity  limit  of  the  ELISA  test  in 
determining  rock  shrimp  content  in  mixture 

samples    139 


vii 


LIST  OF  FIGURES 


Figure  Page 

1.  Metabolic  pathways  relevant  to  hybrid 
selection  in  medium  containing  hypoxanthine, 
aminopterin  and  thymidine  (HAT)  medium    20 

2.  Schematic  drawing  of  shrimp  in  lateral  view    29 

3.  SDS-PAGE  patterns  of  raw  white  shrimp 
extracted  with  water,  water  homogenates 
adjusted  to  pH  8.0,   0.1  M  NaCl,   1%  SDS, 

and  8  M  urea    40 

4.  SDS-PAGE  patterns  of  cooked  white  shrimp 
extracted  with  water,  water  homogenates 
adjusted  to  pH  8.0,   0.1  M  NaCl, 

1%  SDS,  and  8  M  urea    41 

5.  SDS-PAGE  patterns  of  water  and  SDS 
extracts  of  raw  pink,  white  and  rock  shrimps 

and  their  mixtures    46 

6.  SDS-PAGE  patterns  of  SDS  extracts  of 
cooked  pink,  white  and  rock  shrimp  and 

their  mixtures    50 

7.  SDS-PAGE  patterns  of  pink  shrimp  extracted  in 
the  presence  and  absence  of  protease 

inhibitor,   PMSF    54 

8.  Serial  changes  in  SDS-PAGE  patterns  of  raw  pink 

and  rock  shrimp  extracted  with  8  M  urea    56 

9.  SDS-PAGE  patterns  of  urea  extracts  of  raw 

rock  shrimp  with  or  without  dilution    58 

10.  Protein  banding  patterns  of  the  water 
. extract  of  raw  pink  shrimp  and  protein 
'standards  focused  on  polyacrylamide  gel 
containing  0,  6,  or  9.2  M  urea    66 


viii 


11.  IEF  patterns  of  the  water  extract  of  raw  pink 
shrimp  and  protein  standards  focused  on 
polyacrylamide  gel  containing  5%  ampholyte 
for  17  hr,  6.2%  ampholyte  for  10  hr,  and 

6.2%  ampholyte  for  17  hr   67 

12.  IEF  patterns  of  raw  and  cooked  pink  shrimp 
extracted  with  water,  1%  SDS,  and  8  M  urea    69 

13.  IEF  patterns  of  water  extracts  of  raw  pink, 

white,  and  rock  shrimp,  and  their  mixtures    72 

14.  IEF  patterns  of  SDS  extracts  of  cooked  pink, 

white,  and  rock  shrimp,  and  their  mixtures    73 

15.  IEF  patterns  of  water  extracts  of  cooked  pink, 
white,  and  rock  shrimp,  and  their  mixtures    74 

16.  pH  profiles  of  IEF  gel  containing  three 
different  ratios  of  wide  and  narrow  pH 

range  of  ampholytes    85 

17.  IEF  patterns  of  water  extracts  of  raw  pink 
and  protein  standards  focused  on  urea 
polyacrylamide  gel  containing  100%,  80%,  and 
60%  of  pH  4-6.5  ampholytes  with  addition 

of  0%,   20%,   and  40%  pH  3-10    87 

18.  IEF  patterns  of  water  extracts  of  raw  pink, 

white,  and  rock  shrimp,  and  their  mixtures    88 

19.  Densitometric  profiles  of  water  extracts 
of  pink,  white,  and  rock  shrimp 

extracted  with  water    90 

20.  IEF  patterns  of  water  extracts  of  cooked 
pink,  white,  and  rock  shrimp,  and 

their  mixtures    91 

21.  IEF  patterns  of  SDS  extracts  of  cooked 
pink,  white,  and  rock  shrimp,  and 

their  mixtures    93 

22.  SDS-PAGE  profiles  of  water-soluble  proteins 

.  from  various  seafood  and  meat    108 

23.  SDS-PAGE  profiles  of  water-soluble  proteins 

from  various  shrimp  and  lobsters    110 

24.  Two  dimensional  gel  electrophoresis  pattern 

of  rock  shrimp  extracted  with  water   Ill 


ix 


25.  Densitometric  scanning  profile  of  the  water- 
soluble  rock  shrimp  proteins  analyzed  on 

a  SDS-PAGE  gel    112 

26.  SDS-PAGE  patterns  of  the  eluted  rock  shrimp 

protein  "CM  and  the  MW  protein  standards    115 

27.  Screening  of  the  uncloned  hybridoma  cultures 
by  immunodot  blotting  for  reactivity  with  rock 
shrimp  extracts  added  with  SDS    117 

28.  Screening  of  monoclones  derived  from  the  4H2 
master  culture  by  immunodot  blotting  for 
reactivity  with  shrimp  extracts  containing 

0.1%  SDS    120 

29.  Determination  of  the  specificity  of  4H2-10D3 
McAb  in  reacting  with  rock,  pink  and  white 
shrimp  as  well  as  MW  protein  standards  as 
analyzed  by  the  Western  blotting 

technigue    126 

30.  Determination  of  the  specific  reactivity  of 
4H2-10D3  McAb  with  rock  shrimp  as  analyzed  on 
immunodot  blot  with  the  water  extracts  of 
various  shrimp  and  lobsters  as  well  as 

various  seafood  and  meat    127 

31.  Effect  of  the  heat  treatment,  the  addition  of 
SDS  or  the  combination  of  both  on  the 
reactivity  of  rock  shrimp  extract  with 

4H2-10D3  McAb  as  analyzed  by  immunodot  blot    130 

32.  Effect  of  heat  treatment,  the  addition  of  SDS 
or  the  combination  of  both  on  the  increment 
of  reactivity  of  rock  shrimp  proteins  with 

4H2-10D3  McAb  on  ELISA    131 

33.  Dose-related  changes  of  the  reactivity  of 
4H2-10D3  McAb  with  rock  shrimp  extract 

at  5  /xg/mL  by  ELISA   134 

34.  Dose-related  changes  of  the  reactivity  of 
rock  shrimp  extract  with  the  4H2-10D3  McAb 

.  at  50  and  100  /xg/mL  by  ELISA   135 

35.  SDS-PAGE  patterns  of  intact  fillet  and  surimi 
of  Alaska  pollock  and  red  hake 

extracted  with  water    152 


x 


36.  IEF  patterns  of  intact  fillet  and  surimi 
of  Alaska  pollock  and  red  hake  extracted 

with  water   153 

37.  SDS-PAGE  patterns  of  cooked  fillet  and/or 
surimi  of  Alaska  pollock  and  red  hake 

extracted  with  water   156 

38.  IEF  patterns  of  cooked  fillet  and/ or  surimi 
of  Alaska  pollock  and  red  hake  extracted 

with  water    157 

39.  SDS-PAGE  patterns  of  cooked  fillet  and/or 
surimi  of  Alaska  pollock  and  red  hake 

extracted  with  SDS    159 

40.  SDS-PAGE  patterns  of  cooked  fillet  and/or 
surimi  of  Alaska  pollock  and  red  hake 

extracted  with  urea    160 

41.  IEF  patterns  of  cooked  fillet  and/ or  surimi 
of  Alaska  pollock  and  red  hake  extracted 

with  SDS    162 

42.  IEF  patterns  of  cooked  fillet  and/or  surimi 
of  Alaska  pollock  and  red  hake  extracted 

with  urea    163 


xi 


Abstract  of  Dissertation  Presented  to  the  Graduate  School  of 
the  University  of  Florida  in  Partial  Fulfillment  of  the 
Requirements  for  the  Degree  of  Doctor  of  Philosophy 

ELECTROPHORETIC  AND  IMMUNOCHEMICAL  IDENTIFICATION  OF 
SEAFOOD  SPECIES  USING  SHRIMP  AS  A  MODEL 

By 

Haejung  An 
May,  1989 

Chairman:  Cheng-i  Wei 
Cochairman:  Maurice  R.  Marshall 

Major  Department:  Food  Science  and  Human  Nutrition 

Identification  of  shrimp  species  was  achieved  by 
comparing  the  electrophoretic  protein  patterns  using  either 
sodium  dodecyl  sulfate-polyacrylamide  gel  electrophoresis 
(SDS-PAGE)  or  isoelectric  focusing  (IEF) ,  or  by  detecting 
components  with  species-specific  monoclonal  antibodies  (McAb) 
using  an  enzyme-linked  immunosorbent  assay  (ELISA)  or 
immunodot  blot.  An  appropriate  extractant  assisted  in 
identification  of  shrimp  species  particularly  for  cooked 
samples  by  solubilizing  heat-denatured  proteins.  Water 
extraction  showed  banding  patterns  highly  species-specific 
for  raw  shrimp,  while  SDS  extracts  provided  the  greatest 
information  on  genus  variation  of  cooked  samples. 

The  incorporation  of  9.2  M  urea  in  IEF  polyacrylamide 
gels  containing  pH  3-10  ampholytes  greatly  increased  protein 
resolution  after  17  hr  focusing  time.     Since  the  important 
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proteins  for  shrimp  species  identification  were  resolved 
within  a  narrow  pH  range  of  5.11  -  6.75,  the  incorporation  of 
an  ampholyte  mixture  (20%  pH  3-10  and  80%  pH  4-6.5)  in  the  gel 
provided  the  best  separation  of  shrimp  proteins. 
Identification  of  shrimp  species  was  achieved  using  these 
conditions  in  both  pure  and  mixture  samples  through  detection 
of  species-specific  protein  bands.  Water  extracts  of  raw 
shrimp  and  SDS  extracts  of  cooked  shrimp  showed  excellent 
banding  patterns  useful  for  species  differentiation.  However, 
the  detection  of  cooked  shrimp  in  a  mixture  was  difficult 
except  for  rock  shrimp. 

A  protein  designated  as  "C"  was  found  from  the  SDS-PAGE 
protein  banding  patterns  to  be  specific  for  rock  shrimp  when 
compared  with  those  of  seafood  or  meat  samples.  This  protein 
was  isolated  from  the  12%  polyacrylamide  gels  and  used  to 
develop  McAb  against  rock  shrimp.  The  highly  rock  shrimp- 
specific  McAb  (4H2-10D3)  recognized  the  antigenic 
determinant (s)  present  on  protein  "C"  in  both  the  native  and 
heat-denatured  rock  shrimp  extract.  Specificity  of  the  McAb 
was  confirmed  by  testing  against  pink,  white  and  rock  shrimp 
protein  extracts  using  the  Western  blotting  technique  and 
against  23  types  of  commonly  consumed  seafood  and  meat  using 
ELISA  and  immunodot  blotting.  ELISA  assay  using  the  4H2-10D3 
McAb  was  proven  to  be  effective  and  sensitive  in  a  blind  study 
to  identify  rock  shrimp  and  to  detect  its  presence  in 
mixtures . 


CHAPTER  I 
INTRODUCTION 

There  has  been  a  tremendous  growth  in  seafood  consumption 
due  to  changes  in  consumer  attitudes  toward  health  and 
nutrition.  Compared  to  red  meat,  seafood  has  been  well 
recognized  for  its  low  fat  and  cholesterol  content  as  well  as 
high  amount  of  n-3  polyunsaturated  fatty  acid  (Kinsella, 
1988) .  As  a  result,  seafood  has  been  recommended  in  diets  as 
a  meat  substitute.  Domestic  seafood  landings  have  been 
limited,  and  seafood  supply  relies  heavily  on  imports  from 
other  countries  (Vondruska,  1988) .  The  U.S.  seafood  market 
therefore  abounds  with  numerous  types  and  species  of  finfish 
and  shellfish. 

Species  identification  can  be  difficult.  People  from 
different  geographical  regions  use  different  nomenclature  for 
the  same  species  of  finfish  or  shellfish.  For  example,  one 
type  of  perch  (Perca  flayescens)  is  referred  to  as  perch, 
yellow  perch,  river  perch,  American  perch,  ringed  perch,  and 
striped  perch  depending  on  the  locations  (Martin  et  al.f 
1983) .  This  species  identification  problem  is  further 
complicated  because  people  also  use  the  same  common  name  for 
different  species;  drum  (Bairdiella  chrysura)  and  sea  bass 
(Diplectrum  formosum)  are  sometimes  referred  to  as  silver 
perch  (Martin  et  al.,  1983). 
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Finfish  and  shellfish  can  easily  lose  their  identity 
after  filleting,  mincing,  or  cooking.  It  is  therefore  easy 
to  substitute  lower  quality  species  for  the  expensive  or 
limited  species.  Unintentional  fraud  can  occur  when  species 
identification  is  done  by  untrained  personnel,  and  the 
resulting  products  are  declared  misbranded  and/or  adulterated 
by  regulatory  agencies  (Vondruska,  1988) . 

Quantitative  identification  of  seafood  species  in 
fabricated  or  processed  seafood  products  also  deserves 
attention.  Surimi-based  seafood  products  such  as  crab  meat, 
shrimp,  and  lobster  analogs  have  been  recently  introduced  into 
the  seafood  market;  some  of  these  products  are  claimed  to 
contain  up  to  35%  natural  seafood  (Regenstein  and  Lanier, 
1986) .  However,  there  are  no  analytical  methods  available 
for  quantitative  identification  of  the  natural  species  to  test 
the  claims  or  to  assure  the  quality  of  the  processed  seafood 
products . 

Several  official  electrophoretic  methods,  such  as  starch 
qel-zone  electrophoresis,  acrylamide  disc  electrophoresis, 
thin  layer  polyacrylamide  qel  isoelectric  focusing  and 
cellulose  acetate  strip,  have  been  approved  for  use  by  the 
Association  of  Official  Analytical  Chemists  (AOAC,  1984)  to 
differentiate  species  of  seafood  or  seafood  products.  By 
comparing  the  electrophoretic  protein  profiles  of  the  fish 
species  to  the  data  bank  standards,  various  species  have  been 
identified.  However,  the  data  bank  collection  of  the 
authentic  fish  species  should  be  as  complete  as  possible  in 
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order  to  provide  the  highest  efficiency  for  species 
identification . 

Electrophoretic  methods  have  some  limitations.  These 
methods  are  laborious,  time-consuming  and  reguire  a 
substantial  amount  of  eguipment;  they  are  therefore  limited 
for  application  in  field  testing.  The  existence  of 
polymorphism  within  one  fish  species  also  complicates  the 
identification  process.  For  example,  16  distinct  variations 
in  protein  patterns  were  observed  for  monkfish  based  on  4 
protein  bands;  therefore,  it  is  necessary  to  compare  the 
unknown  pattern  with  the  possible  variant  patterns  to  effect 
a  reliable  identification  (Lundstrom,  1981a) . 

Electrophoretic  methods  are  limited  in  identifying  the 
species  origin  of  cooked  or  processed  seafood.  The  available 
methods  are  designed  mainly  for  raw  fish  and  are  not  suitable 
for  cooked  or  processed  seafood.  Protein  molecules  denature 
irreversibly  and  aggregate  after  heat  treatment  (Foegeding, 
1988) .  Therefore,  there  has  been  a  growing  need  to  develop 
fast,  reliable  and  accurate  methods  to  identify  and  guantitate 
species  of  intact  as  well  as  processed  seafood  for  regulatory 
purposes  in  order  to  protect  consumers'  value. 

Immunological  assays  can  replace  electrophoretic  methods 
to  reduce  analysis  time  and  cost,  as  well  as  to  increase  the 
sensitivity  in  detecting  food  components.  The  immunological 
technigues,  such  as  immunodiffusion,  hemagglutination 
inhibition,  rocket  immunoelectrophoresis,  and  enzyme-linked 
immunosorbent    assay     (ELISA)     have    been    widely    used  for 
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detecting  species  origin  of  fish,  beef,  pork,  and  chicken  or 
to  detect  food  components  in  seafood  or  meat  products  (Hayden, 
1977,  1978,  and  1981;  Hitchcock  et  al.,  1981;  Karpas  et  al., 
1970;  Skerritt,  1985).  ELISA  offers  advantages  in  that  (1) 
the  test  can  be  performed  in  a  short  time,  (2)  a  small  volume 
of  species-specific  antisera  is  required,  (3)  the  antisera  can 
be  mixed  for  simple  screening  procedure,  (4)  equipment  is 
available  to  semi-automate  the  assay,  and  (5)  the  increased 
sensitivity  of  the  assay  allows  the  use  of  simple  sampling 
techniques  (Whittaker  et  al.,  1983).  However,  the  ELISA 
technique  has  not  been  routinely  applied  to  differentiate 
species  in  meat  samples  because  of  the  cross-reactivity  of 
conventional  antisera  with  unrelated  species  and  the 
inconsistent  specificity  of  the  antisera  from  one  batch  to 
another  (Kang'ethe  et  al.,  1982;  Patterson  et  al.,  1984; 
Whittaker  et  al.,  1983).  These  problems  with  conventional 
antisera  can  be  alleviated  by  the  use  of  monoclonal  antibodies 
specific  for  different  food  components.  The  hybridoma 
technique  first  introduced  by  Kohler  and  Milstein  (1975)  can 
be  used  to  produce  large  quantities  of  monoclonal  antibodies 
(McAb)  with  exceptional  specificity  and  consistent  binding 
properties  (Edwards,  1981) .  Therefore  McAbs  can  be  used 
effectively  in  ELISA  tests  to  identify  species  origin  of  the 
components  as  well  as  to  guantitate  their  levels  in  meat  or 
seafood  products. 
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The  objectives  of  this  study  are  as  follows: 

(1)  To  determine  if  the  use  of  an  effective  protein 
extractant  system  can  improve  protein 
extractability  from  raw  and  cooked  shrimp,  and 
enhance  protein  band  resolution  in  the 
electrophoretic  gels. 

(2)  To  improve  the  existing  isoelectric  focusing  (IEF) 
methods  by  incorporating  urea  and  ampholyte 
mixtures  in  the  gel  so  that  better  protein 
resolution  can  be  achieved  and  used  for  seafood 
species  identification. 

(3)  To  produce  species-specific  McAbs  against  rock 
shrimp  proteins  isolated  by  using  the  methods 
learned  from  objectives  (1)  and  (2)    (these  McAbs 
are  expected  to  show  high  specificity  for  antigenic 
determinants  and  reduced  cross-reactivity) . 

(4)  To  optimize  the  immunochemical  assay  conditions  for 
identifying  seafood  species  and  quantitation 
(immunodot  blot  and  ELISA  test  conditions  are  used 
and  optimized  to  enhance  the  sensitivity  and 
accuracy) . 

The  contents  presented  in  chapters  3-6  and  appendix  are  each 
a  complete  study  and  can  be  published  as  an  individual  paper 
with  specific  objectives,  methods  of  approaches  and  defined 
results  and  discussion. 


CHAPTER  II 
REVIEW  OF  THE  LITERATURE 

The  following  discussion  will  review  the  currently 
available  methods  for  protein  separation  and/ or  detection, 
which  can  be  applied  for  identification  of  seafood  species. 
The  principles  of  protein  separation  and/or  detection  will  be 
discussed  for  each  method,  followed  by  applications  for 
species  identification.  A  brief  description  of  the 
conventional  shrimp  identification  method  is  also  included 
for  comparison. 

Electrophoretic  Identification  Methods 

Proteins  can  be  effectively  separated  by  electrophoresis 
because  they  differ  in  molecular  size,  charge  and  isoelectric 
points.  Electrophoretic  methods  are  the  only  official  method 
currently  approved  for  fish  species  identification  (AOAC, 
1984) .  By  comparing  the  protein  profiles  of  meat  or  seafood 
samples  with  those  of  authentic  samples,  species  origin  of  the 
food  can  be  determined. 
Principles  of  Electrophoretic  Methods 

Polvacrvlamide  gel  electrophoresis.  Proteins  possess  a 
charge  as  a  result  of  their  component  amino  acids.  When  a 
charged  molecule  is  placed  in  an  electric  field,  the  molecule 
is  attracted  to  and  migrates  toward  the  electrode.  The 
velocity  of  the  molecular  movement  is  proportional  to  the 
field    strength    and   charge   on   the   molecule   but  inversely 
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proportional  to  its  size  and  viscosity  of  the  solution 
(Cooper,  1977) . 

The  behavior  of  a  protein  subjected  to  electrophoresis 
is  governed  mainly  by  its  charge  at  a  particular  pH.  At  the 
isoelectric  point  (pi) ,  positive  and  negative  charges  are 
equal,  and  the  protein  exhibits  zero  net  charge;  therefore, 
no  migration  takes  place  upon  the  application  in  an  electric 
field.  At  any  pH  range  above  the  pi,  the  protein  has  a 
negative  net  charge  and  migrates  toward  the  positive 
electrode.  The  opposite  occurs  at  pH  values  lower  than  the 
pi  where  the  positive  net  charge  of  the  protein  leads  to 
movement  toward  the  negative  electrode.  By  using  the 
appropriate  buffer  systems  at  a  certain  pH,  proteins  with 
different  charges  will  migrate  at  different  speed.  Therefore, 
when  a  mixture  of  proteins  is  subjected  to  electrophoresis, 
each  protein  moves  to  a  unique  position  in  the  electric  field 
and  separates  from  the  others  after  a  given  length  of  time. 
This  is  because  each  protein  molecule  possesses  a  unique 
charge,  size,  and  shape  (Catsimpoolas,  1977;  Cooper,  1977). 
The  ionic  groups  on  amino  acids  which  have  the  greatest 
contribution  to  the  charge  of  a  protein  are  the  carboxylic, 
amino,  imidazole,  sulfhydryl,  phenoxy,  and  guanidinium  groups 
(Catsimpoolas,  1977) . 

Electrophoresis  is  usually  carried  out  in  a  porous 
supporting  matrix,  such  as  polyacrylamide  or  agarose  gel. 
The  pore  size  of  the  acrylamide  gel  can  be  controlled  by 
varying  the  concentration  of  acrylamide  in  the  gel.  Protein 
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molecules  have  to  pass  through  the  pores  in  the  gel  and  the 
gel  reduces  protein  migration  by  imposing  a  sieving  effect. 
Therefore  the  mobility  of  a  protein  in  acrylamide  gels  is  a 
function  of  its  net  charge  and  its  size  (Catsimpoolas,  1977; 
Shuster,  1971)  . 

Sodium  dodecyl  sul  f  ate-polvacrylamide  gel 

electrophoresis .  Sodium  dodecyl  sulfate  (SDS)  dissociates 
protein  into  its  constituent  peptides  by  binding  to  the 
hydrophobic  regions  of  the  molecule  and  imparting  a  negative 
charge  to  the  denatured  protein  (Cooper,  1977) .  At 
concentrations  greater  than  the  SDS  monomer  concentration  of 
0.02%,  1.4  g  of  SDS  is  bound  to  one  gram  of  protein  after 
reduction  (Reynolds  and  Tanford,  1970) .  This  high  binding 
ratio  will  mask  the  native  charge  of  most  proteins  and  result 
in  a  situation  in  which  there  is  a  constant  negative  net 
charge  per  unit  mass  protein.  The  presence  of  carboxyl 
moieties  in  proteins,  chemical  modification  of  proteins,  or 
the  failure  to  reduce  disulfide  bonds  can  all  result  in 
interference  of  SDS  binding  to  the  protein  and  thus  reduced 
electrophoretic  mobilities. 

Protein-SDS  complexes  behave  as  rod-like  particles;  the 
particle  length  varies  as  a  the  function  of  molecular  weight 
of  the  polypeptide  chain  (Weber  et  al.,  1972).  Because  the 
net  charge  per  protein  mass  is  constant,  and  the  hydrodynamic 
properties  are  a  function  of  the  polypeptide  length,  the 
electrophoretic  mobility  of  a  protein  becomes  a  function  of 
its  molecular  weight.    Weber  and  Osborn  (1969)  showed  that  the 


9 


relative  mobility  of  a  protein  is  a  linear  function  of  the 
logarithm  of  its  molecular  weight.  With  40  different  well 
characterized  proteins,  they  also  proved  that  the  molecular 
weight  of  proteins  can  be  estimated  accurately  with  only  3% 
deviation.  Thus  the  molecular  weight  of  a  given  protein  can 
be  determined  by  comparing  its  electrophoretic  mobility  to 
that  of  a  marker  protein  with  known  molecular  weight  (Dunker 
and  Rueckert,  1969;  Weber  and  Osborn,  1969,  1975). 

Isoelectric  focusing.  The  isoelectric  focusing  (IEF) 
separation  of  proteins  is  carried  out  in  a  pH  gradient 
established  between  two  electrodes  (Catsimpoolas,  1975,  1977; 
Chrambach  and  Baumann,  1976;  Righetti  and  Drysdale,  1974; 
Rilbe,  1976) .  A  pH  gradient  is  formed  after  electrolysis  of 
amphoteric  buffer  substances  known  as  carrier  ampholytes 
(Vesterberg,  1976) .  Amphoteric  substances  are  charged 
molecules  whose  charges  are  dependent  on  the  pH  of  the 
environment;  positively  charged  at  acidic  pH  and  negatively 
charged  at  alkaline  pH.  During  electrophoresis,  there  is  a 
continuous  production  of  H*  and  OH"  ions  at  the  electrodes. 
Thus  the  pH  increases  at  the  cathode  and  decreases  at  the 
anode.  The  formation  of  such  a  pH  gradient  between  the 
electrodes  will  then  cause  the  carrier  ampholytes  to  migrate 
to  and  concentrate  within  positions  corresponding  to  their  pi. 
Carrier  ampholytes  usually  have  a  high  buffering  capacity  at 
their  isoelectric  point  (Svensson,  1961;  Vesterberg,  1969). 
Therefore  by  using  a  series  of  different  species  of 
ampholytes,  the  pH  gradient  formed  in  the  gel  can  be  dictated. 
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Protein  molecules,  also  being  amphoteric  (Vesterberg, 
1971) ,  focus  in  a  similar  manner  as  carrier  ampholytes.  When 
introduced  into  a  pH  gradient  system,  proteins  will  migrate 
to  pH  zones  that  correspond  to  their  respective  pi  where  their 
overall  net  charge  is  zero.  Since  proteins  have  variations 
in  isoelectric  points,  they  are  focused  at  different  regions 
of  the  pH  gradient,  resulting  in  their  separation.  The 
measurement  of  the  pH  at  the  focusing  position  provides  a 
direct  determination  of  the  isoelectric  point  of  the 
particular  protein  species. 

After  proteins  are  focused  in  a  pH  gradient,  any  movement 
of  the  proteins  by  diffusion  away  from  the  isoelectric  pH 
causes  restoration  of  electric  charge  and  consequently 
electrophoretic  movement  toward  the  pi.  By  this  counteraction 
of  back-diffusion,  separated  protein  molecules  can  be 
concentrated  into  extremely  sharp  bands  with  a  resolution  of 
0.005  pH  units  or  less  (Righetti  and  Drysdale,  1974).  This 
degree  of  resolution  is  superior  to  the  conventional 
electrophoretic  or  chromatographic  procedures. 

Two-dimensional  gel  electrophoresis.  The  best  protein 
separation  can  be  achieved  by  high  resolution  two-dimensional 
gel  electrophoresis  (2-DGE)  developed  by  O'Farrell  (1975). 
This,  method  involves  the  separation  of  proteins  in  the  first 
dimension  according  to  their  charge  and  in  the  second 
dimension  with  SDS-PAGE  according  to  their  relative  mobility. 
Because  this  involves  two  different  protein  separation 
mechanisms,  the  2-DGE  achieves  a  far  better  protein  separation 
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with  higher  resolution  than  any  one-dimensional 
electrophoretic  technique.  O'Farrell  (1975)  has  successfully 
separated  over  1000  proteins  from  an  E.  coli  lysate  using 
2-DGE.  This  technique  has  been  widely  applied,  due  to  its 
high  resolution  to  detect  any  changes  in  charge  or  size  of 
molecules,  for  analysis  of  post-transitional  modification 
(i.e.,  glycosylation,  sulfation,  or  phosphorylation)  of 
proteins  (Dunbar,  1987) ,  or  to  study  gene  expression  in  a  cell 
or  a  tissue  (Neal  et  al.,  1984;  Rabilloud  et  al.,  1985). 

A  practical  advantage  of  using  2-DGE  is  that  this 
technique  can  simplify  the  characterization  and  purification 
of  proteins  for  the  development  of  monoclonal  or  polyclonal 
antibodies.  The  specific  proteins  separated  by  2-DGE  can  be 
transferred  to  nitrocellulose  paper  and  used  for  animal 
immunization.  SDS  is  removed  during  the  antigen  preparation 
process.  In  addition,  the  recovery  of  the  immunogen  can  be 
increased  up  to  100%  (Chiles  et  al.,  1987;  Knudsen,  1985; 
Tracy  et  al.,  1983). 

Application  of  Electrophoretic  Methods  for  Species 
Identification 

The    protein    fingerprint    obtained    by  electrophoretic 

methods  for  each  species  can  be  used  for  speciation  (Lin  and 

Lanier,   1980;  Toom  et  al . ,   1983).     However,  the  proteins  are 

sometimes  not  completely  separated.    Thus  the  electrophoretic 

methods  can  only  be  applied  for  distal  species  comparison. 

The  resolution  of  the  electrophoretic  protein  patterns  can  be 

improved  by  incorporating  SDS  into  the  gel.    The  formation  of 
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the  SDS-protein  complex  will  reduce  the  hydrophobic  protein 
interaction.  Therefore,  heat-denatured  proteins  can  be  well 
resolved  by  dissociating  protein  aggregates  with  SDS  to  reveal 
species  differences.  This  then  made  it  possible  to  identify 
the  food  components  of  heat-processed  products.  Using  sodium 
dodecyl  sulfate-polyacrylamide  gel  electrophoresis  (SDS-PAGE) , 
shrimp  species,  cultivars  of  Vicia  fava  beans,  and  varieties 
of  wheat  were  identified  as  well  as  shrimp  mixtures  or  wheat 
and  rye  mixtures  (An  et  al.,  1988;  Barratt,  1980;  Fullington 
et  al.,  1980;  McCausland  and  Wrigley,  1976).  The  genus  of 
boiled  shrimp  was  identified  and  its  content  in  mixture 
samples  was  determined  after  proper  extractions  were  made  from 
heat-denatured  samples  (An  et  al.,  1988). 

The  use  of  a  pH  gradient  greatly  enhances  the 
electrophoretic  resolution  of  proteins  and  improves  the 
effectiveness  of  this  technigue  for  species  identification 
(Hamilton,  1982;  Krzynowek  and  Wiggin,  1979,  1981;  Lundstrom, 
1980,  1981b,  and  1983a  and  b) .  Electrophoretic  patterns 
obtained  by  IEF  have  been  extensively  applied  for  speciation 
of  fish  (Hamilton,  1982;  Lundstrom,  1980,  1981b,  1983a  and  b; 
Toom  et  al.,  1983;  Yamada  and  Suzuki,  1982).  Fish,  such  as 
cod  (Gadus  callarias)  and  haddock  (Melanoarammus  aealif inus) , 
which  could  hardly  be  differentiated  by  polyacrylamide  gel 
electrophoresis  were  properly  identified  by  IEF  (Toom  et  al., 
1983).  Using  IEF,  Lundstrom  (1981b,  1983a)  and  Hamilton 
(1982)  have  successfully  identified  Pacific  rock  fish 
(Sebastes)    and   other    fish   species    such   as    cod,  haddock, 
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pollock,  cusk,  red  hake,  red  snapper,  weakfish,  American 
plaice  and  gray  sole.  Varieties  of  winged  bean  which  could 
not  be  differentiated  by  SDS-PAGE  were  also  identified  by  IEF 
(Westermeier  et  al.,  1985). 

Enzyme  activity  can  be  retained  after  focusing  in 
nondenaturing  IEF  conditions.  The  presence  of  a  particular 
enzyme  can  be  detected  by  adding  substrates  to  the  solution 
in  which  the  gel  is  suspended;  the  enzyme  will  convert  the 
substrates  to  chromogenic  compounds  (Harris  and  Hopkinson, 
1976) .  This  process  enables  the  detection  of  the  enzyme  of 
interest.  Therefore,  IEF  can  be  successfully  used  to  detect 
meat  or  fish  species  as  well  as  contaminant  species  mixed  at 
low  concentrations  in  beef  (King,  1984;  King  and  Kurth,  1982; 
Sutton  et  al.,  1983).  Various  species  of  fish  including  carp 
and  trout  were  analyzed  by  enzyme  staining  the  red  cell 
superoxide  dismutase,  which  showed  polymorphism  between 
various  fish  species  (Sutton  et  al.,  1983).  When  the  IEF 
pattern  was  stained  for  adenylate  kinase,  phosphoglucomutase , 
and  phosphogluconate  dehydrogenase,  the  contaminant  species 
(1%)  such  as  sheep  and  goat  in  beef  were  detected  (King  and 
Kurth,  1982) .  By  staining  for  these  enzyme  activities,  the 
sheep  and  goat  contaminants  could  be  distinguished;  which  was 
not  achieved  by  staining  the  total  proteins.  Species  of 
cooked  meats  could  be  identified  by  staining  for  highly 
heat-stable  enzymes,  such  as  adenylate  kinase  and  creatine 
kinase  (King,  1984).  These  enzymes  retained  their  activities 
after  heating  at  115°  and   100°C,    respectively,    for  30  min. 
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They  have  been  successfully  used  to  differentiate  the  species 
among  beef;  chicken;  buffalo;  horse;  kangaroo;  and  goat;  as 
well  as  to  detect  their  presence  in  beef. 

Immunological  Identification  Methods 
Immunological  techniques  such  as  the  Ouchterlony  test 
(Hayden,  1978,  1981)  or  a  hemagglutination  inhibition  test 
(Karpas  et  al.,  1970)  have  been  used  effectively  for  species 
identification  and  detection  of  adulterated  meat.  Rabbit 
antisera  developed  against  heat-stable  antigens  of  equine, 
porcine,  ovine  or  avian  adrenals  or  chicken  troponine  was 
proven  to  be  effective  for  detecting  the  presence  of  these 
species  in  cooked  beef  sausage  adulterated  at  a  level  of  1, 
5  and  10%,  respectively  (Hayden,  1977,  1981).  In  an  attempt 
to  improve  immunological  techniques,  many  investigators 
proposed  the  use  of  enzyme-linked  immunosorbent  assays  (ELISA) 
for  species  identification  of  raw  meat  or  for  determination 
of  soya  protein  in  food  (Hitchcock  et  al.,  1981;  Kang'ethe  et 
al.,  1982;  Patterson  et  al.,  1984).  Whittaker  et  al.  (1983) 
listed  the  advantages  of  an  ELISA  method  as  follows:  (1)  the 
testing  can  be  performed  in  approximately  three  hours,  (2) 
smaller  volume  of  species-specific  antisera  is  required,  (3) 
antisera  can  be  mixed  for  simple  screening  procedures,  (4) 
equipment  is  available  to  semi-automate  the  assay  procedure 
and  the  recording  and  reporting  of  results,  and  (5)  the 
increased  sensitivity  allows  for  use  of  simpler  sampling 
techniques.  in  spite  of  the  many  advantages  of  this 
technique,  cross  reactivity  occurred  and  posed  a  problem  for 
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the  assay.     Bovine,   sheep,   and  horse-specific  antisera  each 
cross-reacted     with     buffalo,      goat,      and     donkey  meat, 
respectively  (Kang'ethe  et  al.,  1982;  Patterson  et  al.,  1984; 
Whittaker  et  al.,  1983). 
Principles  of  Immunological  Assays 

Precipitin  reaction.  Multivalent  antigens  may  interact 
with  multivalent  antibodies  to  form  large  insoluble  lattices 
of  small  soluble  complexes  and  precipitate  out  of  the 
solution.  From  the  precipitation  of  the  antigen-antibody 
complexes,  the  amount  of  antigen  or  antibody  in  a  test  sample 
can  be  estimated  (Hood  et  al.,  1984). 

Ouchterlonv  double  diffusion.  Antigen-antibody 
precipitates  can  be  observed  by  allowing  one  reactant  to 
diffuse  into  a  gelatinous  medium,  such  as  agar,  that  contains 
the  other  reactant.  Antigen  and  antibody  molecules  placed  in 
small  wells  cut  into  an  agar  slab  diffuse  out  of  their 
respective  wells  into  the  agar  at  a  rate  inversely 
proportional  to  their  molecular  weight.  When  an  antigen 
reacts  with  an  antibody,  a  line  of  precipitation  is  formed  at 
where  the  two  reactants  diffuse  together  (Hood  et  al.,  1984). 

The  Ouchterlony  technigue  can  be  used  to  determine  the 
identity  of  antigens;  whether  two  antigens  are  different  or 
identical,  or  whether  they  share  some  but  not  all  antigenic 
determinants.  The  reaction  of  identity,  partial  identity,  or 
nonidentity  can  be  determined  by  the  patterns  of  precipitin 
lines. 
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Agglutination.  Cells      can     be      agglutinated  by 

cross-linking  with  antibodies.  The  cell  agglutination 
technigue  is  used  to  assay  antibodies  specific  for  antigens 
that  either  are  normally  present  on  a  cell  surface  or  can  be 
coupled  artificially  to  a  cell  surface  (Hood  et  al.,  1984). 
Agglutination  technigue  is  commonly  used  for  the  typing  of 
human  blood. 

Immunoelectrophoresis .  Immunoelectrophoresis  provides 
improved  resolution  for  complex  samples  by  combining 
electrophoresis  of  antigens  in  one  dimension  with  a  subseguent 
double  diffusion  of  antibodies  and  electrophoresed  antigens 
in  a  second  dimension  (Hood  et  al.,  1984).  Serum  is  placed 
in  wells  near  one  side  of  a  large  slab  gel  and  subjected  to 
electrophoresis.  Slots  are  then  cut  into  the  gel  parallel  to 
the  direction  of  electrophoresis  and  filled  with  various  test 
antibodies.  The  antibodies  and  the  separated  antigenic 
components  diffuse  toward  each  other  through  the  gel  and  form 
precipitin  lines  when  the  specific  antigenic  components  are 
reactive  with  the  antibodies. 

Indirect  assays.  Antigen-antibody  complexes  can  be 
detected  using  indirect  methods  that  utilize  a  secondary 
antibody  in  situations  where  labeling  of  neither  the  antigen 
nor  the  antibody  is  convenient  (Hood  et  al.,  1984).  In  these 
methods,  such  as  ELISA  and  immunodot,  antigen  and  antibody  are 
allowed  to  react,  and  the  antigen-antibody  complexes  are 
detected  by  use  of  a  secondary  antibody,  a  radiolabeled 
immunoglobul in-specific  heterologous  antibody  that  will  bind 
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to  the  primary  antibody.  As  an  alternative  to  radiolabeling, 
antibodies  can  often  be  coupled  to  active  enzymes  that 
catalyze  conversion  of  a  soluble  specific  reagent  to  an 
insoluble  product.  The  formation  of  the  products  indicate  the 
presence  of  the  antibody.  As  another  alternative,  the 
secondary  antibody  can  be  labeled  with  a  fluorescent  ligand 
and  the  reactivity  can  be  either  detected  by  exposure  to  a 
light  source  of  appropriate  excitory  wavelength  or 
quantitatively  assayed  in  a  fluorimeter. 

Western  blotting.  This  method  allows  the  separation  of 
cognate  protein  antigen  in  a  complex  protein  mixture.  The 
components  of  the  mixture  are  first  electrophoretically 
separated  on  a  polyacrylamide  slab  gel  in  the  presence  of  SDS. 
The  protein  are  then  electrophoretically  transferred  from  the 
gel  to  a  nitrocellulose  sheet,  which  is  then  incubated  with 
antibody  which  has  been  conjugated  with  radioactive  molecules. 
After  being  washed  to  remove  free  antibody,  the  membrane  paper 
is  dried,  and  the  protein  bands  which  reacted  with  the 
antibody  are  made  visible  by  autoradiography.  Alternatively 
the  antigen-antibody  complexes  can  be  detected  by  use  of  a 
secondary  antibody,  a  enzyme-labeled  or  fluorescent 
immunoglobulin-specif ic  heterologous  antibody  that  will  bind 
to  the  primary  antibody.  This  method  detects  antigenic 
determinants  common  to  both  the  denatured  and  native  forms  of 
the  proteins. 
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Principles  of  Hybridoma  Technique 

Humoral  immunity  in  vertebrates  is  affected  by 
antigen-binding  antibodies  that  are  secreted  by  cells  of  the 
B  lymphocyte  lineage  (Alt  et  al.,  1987;  Tonegawa,  1983).  B 
cells  are  differentiated  by  specific  binding  of  antigen  to 
the  surface  receptor  of  immunoglobulin  present  on  the  cell, 
and  thus  only  the  stimulated  B  cells  are  propagated  into 
antibody-secreting  plasma  cells.  Antibodies  produced  by  a 
plasma  cell  have  an  identical  specificity,  but  each  plasma 
cell  secretes  antibodies  with  different  specificity. 
Therefore,  the  immunization  of  an  animal  with  complex  antigen 
can  cause  the  induction  of  B  lymphocyte  differentiation  into 
plasma  cells  to  produce  polyclonal  antibodies  with  various 
specificity.  For  the  production  of  monoclonal  antibodies 
(McAb) ,  plasma  cells  responding  to  an  individual  antigenic 
determinant  must  be  isolated  for  homogeneous  specificity. 

The  technology  devised  by  Kohler  and  Milstein  (1975) 
permits  the  production  of  perpetually  growing  plasma  cell 
lines  which  secrete  antibodies  of  predefined  specificity  in 
large  quantities.  Hybridoma  cell  lines  are  produced  by  fusion 
of  the  immunized  spleen  cells  with  drug-resistant  myeloma 
cells.  Different  types  of  cells  can  be  made  to  fuse  in  the 
presence  of  fusogens,  such  as  Sendai  virus,  lysolecithin,  or 
polyethylene  glycol  (PEG)  (Foster,  1982).  The  fusion  of  the 
plasma  membranes  results  in  the  formation  of  heterokaryons 
which  possess  two  or  more  nuclei.  At  the  next  cell  division, 
the  nuclei  fuse  and  a  hybrid  cell  results. 
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Fused  cell  culture  arising  from  the  fusion  of  tumor  cells 
and  normal  cells  can  be  rapidly  overgrown  by  unfused  tumor 
cells.  To  prevent  this,  a  selection  process  is  used  to  ensure 
that  only  hybrids  will  grow.  The  main  biosynthetic  pathways 
for  purines  and  pyrimidines  can  be  blocked  by  the  folic  acid 
antagonist,  aminopterin  (Goding,  1982;  Littlef ield,  1964). 
However,  the  cell  can  still  synthesize  DNA  using  thymidine 
kinase  (TK)  and  hypoxanthine  guanine  phosphoribosyl 
transferase  (HGPRT)  enzymes  via  the  salvage  pathways  in  which 
the  preformed  nucleotides  are  recycled  (Galfre  and  Milstein, 
1983;  Littlef ield,  1964;  Sinkovics  and  Dreesman,  1983;  Zola 
and  Brooks,  1982) .  DNA  synthesis  can  still  occur  in  those 
cells  supplemented  with  thymidine  and  hypoxanthine,  provided 
that  the  enzymes  TK  and  HGPRT-are  present  (Fig.  1)  .  When 
spleen  cells  are  fused  with  myeloma  cells  lacking  TK  or  HGPRT, 
only  the  hybrid  cells  can  grow  and  propagate  in  a  medium 
containing  hypoxanthine,  aminopterin  and  thymidine  (HAT 
medium) ,  because  the  spleen  cells  will  provide  the  myeloma 
cells  the  necessary  enzymes  to  synthesize  nucleic  acids  by  the 
salvage  pathway.  Fusion  between  spleen  cells  also  occurs,  but 
the  spleen  cell  hybrids  naturally  die  off  within  a  week. 
Therefore,  only  hybrids  arising  from  the  fusion  between 
myeloma  and  spleen  cells  are  selected  and  actively  multiply 
in  the  HAT  selective  medium.  The  growing  hybrids  are  then 
subjected  to  limited  dilution  and  individual  clones  that 
secrete  the  desired  antibodies  are  selected  (Zola  and  Brooks, 
1982) .     Such  antibodies  are  therefore  of  monoclonal  origin; 
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Figure  1.  Metabolic  pathways  relevant  to  hybrid  selection  in 
medium  containing  hypoxanthine,  aminopterin  and 
thymidine  (HAT  medium) .     When  the  main  synthetic 
pathways  are  blocked  with  the  folic  acid  analogue 
aminopterin  (*) ,  the  cell  must  depend  on  the 
"salvage"  enzymes  HGPRT  and  thymidine  kinase. 
HGPRT-  cells  can  be  selected  by  growth  in  medium 
containing  the  toxic  base  analogues  6-thioguanine 
or  8-azaguanine,  which  are  incorporated  into  the 
cell  via  HGPRT.     Only  HGPRT-  cells  survive. 
HGPRT-  cannot  grow  in  HAT  medium  unless  they  are 
fused  with  HGPRT+  cells.     (Adapted  from  Goding, 
1983) 
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and  the  selected  clones,  like  ordinary  myeloma  lines,  can  be 

maintained  indefinitely. 

Monoclonal    antibodies    provide    many    advantages  over 

conventional  antisera  (Edwards,  1981) .    All  the  molecules  of 

monoclonal  antibody  are  identical  in  amino  acid  sequence  and 

binding  properties.     Thus,  the  antibody  can  have  exceptional 

specificity  and  greatly  reduced  cross-reactivity  which  has 

been  a  common  problem  associated  with  polyclonal  antisera. 

Monoclonal  antibodies  can  also   increase  the  sensitivity  of 

the  immunological  assay.     The  monoclones  will  provide  for  an 

indefinite  supply  of  species-specific  antibody.  Therefore, 

McAb  could  serve  as  an  effective  replacement  for  conventional 

antisera  in  identifying  fish  species  or  seafood  species  or  to 

detect  component  species  present  in  food  products. 

Application  of  Monoclonal  Antibodies  in  Immunochemical 
Identification  Techniques 

The  monoclonal  antibody  technique  was  first  applied  by 

Lunstrom    (1984,     1985)     to    identify    fish    species    and  to 

differentiate    fishery    stock.       McAbs    were    prepared  from 

immunized  mice  with  crude  protein  extracts  of  over  40  fish 

species.    However,  species-specified  McAbs  could  not  be  found 

for  any  fish  species.     The  numerous  McAbs  obtained  this  way 

showed  a  high  cross-reactivity  between  unrelated  species  of 

fish*  and  one  species  showed  a  high  reactivity  with  numerous 

unrelated  McAbs  (Lundstrom,   1984) .     In  an  attempt  to  utilize 

the  antibodies,  a  species  identification  table  was  constructed 

in  which  species  can  be  detected  by  a  positive  and  negative 
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reaction  with  the  McAbs.  However,  no  correlation  was  seen 
between  the  species  of  fish  and  the  reaction  pattern  of  the 
antibodies.  It  was  speculated  that  most  of  the  antibodies 
produced  by  the  immunization  with  whole  crude  fish  extracts 
might  have  specificity  to  the  most  prevalent  proteins,  such 
as  albumin,  rather  than  the  species-specific  proteins. 
Similar  results  were  also  reported  by  Tracy  et  al.  (1983)  who 
injected  a  protein  extract  of  whole  human  urine  into  mice  to 
produce  monoclonal  antibodies  of  various  specificities.  Most 
of  the  positive  hybridoma  cells  produced  antibodies  to 
albumin,  an  abundant  urinary  protein  in  renal  disease  rather 
than  the  protein  of  interest,  PC-30.  The  investigators  then 
developed  monoclonal  antibodies  with  the  antigens  of  interest 
separated  by  two-dimensional  gel  electrophoresis.  The 
monoclonal  antibodies  obtained  were  specific  for  PC-30,  the 
antigen  used,  as  confirmed  by  autoradiography. 

Monoclonal  antibodies  have  also  been  used  to  detect 
components  with  high  specificity  in  various  food  products 
(Brandon  et  al.,  1987,  1988;  Skerritt,  1985;  Skerritt  and 
Smith,  1985;  and  Skerritt  et  al.,  1985).  Brandon  et  al. 
(1987,  1988)  showed  that  the  use  of  McAb  can  be  more  sensitive 
and  specific  for  antigen  detection.  Conventional  antisera 
detected  soybean  trypsin  inhibitor  with  less  than  25% 
reactivity  compared  with  that  of  monoclonal  antibodies. 
Skerritt  and  his  colleagues  developed  monoclonal  antibodies 
by  immunizing  mice  with  wheat  gliadin  in  order  to  detect  the 
presence  of  gluten  in  various  foods.    The  monoclonal  antibody 
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chosen  by  these  investigators  was  successfully  applied  in 
baked  goods  and  processed  meats  as  well  as  natural  food  to 
give  a  quantitative  and  qualitative  confirmation.  The  success 
of  the  study  with  heat  processed  products  was  thought  to  be 
due  to  the  heat-resistance  of  gliadin  which  remained  unchanged 
even  after  heat  treatment  for  100  min  in  water,  as  indicated 
by  the  electrophoretic  patterns  (Skerritt  and  Smith,  1985) . 
Chromatographic  Identification  Methods 

Chromatography  is  widely  used  as  a  separatory  analytical 
technique.  The  advantage  of  using  high  performance  liquid 
chromatography  (HPLC)  over  the  use  of  other  forms  of  liguid 
chromatography  may  be  summarized  as  follows  (Hamilton  and 
Sewell,  1982)  :  (1)  the  HPLC  column  can  be  used  many  times 
without  the  need  to  regenerate;  (2)  the  resolution  achieved 
on  such  columns  far  exceeds  that  of  the  other  methods;  (3)  the 
technigue  is  less  dependent  on  the  operator's  skill  due  to 
high  reproducibility;  (4)  the  instrumentation  of  HPLC  lends 
itself  to  automation  and  quantitation;  (5)  the  analysis  times 
are  generally  much  shorter;  (6)  preparative  liquid 
chromatography  is  possible  on  a  much  larger  scale. 
Principles  of  Chromatographic  Methods 

There  are  various  separation  methods  available  for  HPLC. 
These  include:  liquid-liquid,  liquid-solid,  ion-exchange,  ion- 
pair,  exclusion,  and  affinity.  The  separation  of  analyte 
components  results  by  the  intermolecular  interactions,  such 
as  Coulombic  forces,  dipole-dipole  interactions,  dipole- 
induced  dipole  interactions,  ion-induced  dipole  interactions, 


24 

dispersion  forces,  and  hydrogen-bonding  interactions,  which 
occur  between  the  stationary  and  mobile  phases. 

Liquid-liquid  chromatography.  Liguid-liguid 
chromatography  (LLC)  involves  the  use  of  a  liquid  mobile  phase 
and  a  liquid  stationary  phase  which  is  either  coated  onto  a 
finely  divided  inert  support  (partition  chromatography)  or 
chemically  bonded  (bonded  phase  chromatography)  to  the  support 
material  (Johnson  and  Stevenson,  1978) .  The  sample  to  be 
analyzed  is  dispersed  in  the  mobile  phase  and  its  components 
are  partitioned  between  the  stationary  and  the  mobile  phases 
according  to  their  partition  coefficients  (Johnson  and 
Stevenson,  1978) .  This  partitioning  leads  to  a  differential 
rate  of  migration  for  separation  to  occur. 

There  are  two  phases  available  for  liquid-liquid 
chromatography:  normal  phase  and  reverse  phase.  Normal  phase 
liquid-liquid  chromatography  originally  referred  to  a  system 
with  a  polar  liquid  stationary  phase,  e.g.,  water,  glycol,  or 
nitrile,  and  a  relatively  non-polar  mobile  phase,  e.g., 
hexane,  benzene,  or  chloroform  (Pryde  and  Gilbert,  1979) . 
This  mode  of  operation  was  used  to  separate  polar  compounds 
which  would  distribute  preferentially  in  the  polar  stationary 
phase.  A  system  with  a  non-polar  stationary  phase,  e.g.,  a 
hydrocarbon,  and  a  polar  mobile  phase,  e.g.,  water,  is 
referred  to  as  reverse-phase  liquid  chromatography  (Pryde  and 
Gilbert,  1979)  .  In  reverse-phase  chromatography  the  non-polar 
stationary  phase  may  be  displaced  from  a  polar  support  by 
virtue  of  the  preferential   adsorption  of  the  polar  mobile 
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phase.  Recently  the  term  "reverse  phase"  chromatography  has 
been  redefined.  Reverse  phase  now  refers  to  a  system  where 
the  stationary  phase  is  less  polar  then  the  mobile  phase 
(Hamilton  and  Sewell,  1982). 

Liquid-solid  ( adsorption)  chromatography.  In 
liquid-solid  chromatography  (LSC) ,  the  separation  is  carried 
out  with  a  liquid  mobile  phase  and  a  solid  stationary  phase 
which  reversibly  adsorbs  the  solute  molecules  (Johnson  and 
Stevenson,  1978)  .  The  stationary  phase  may  either  be  polar 
or  nonpolar  depending  on  the  type  of  the  mobile  phase  used. 
The  retention  of  samples  in  LSC  is  more  predictable  than  in 
LLC,  since  the  elution  order  follows  the  polarity  of  the 
solutes  (Hamilton  and  Sewell,  1982) .  This  method  is  more 
sensitive  to  compound  type  than  LLC  but  less  sensitive  to 
molecular  weight  differences  between  the  solute  species 
(Hamilton  and  Sewell,  1982). 

Ion-exchange  chromatography.  Ion-exchange  involves  the 
substitution  of  one  ionic  species  for  another.  The  stationary 
phase  consists  of  a  rigid  matrix;  the  surface  of  which  carries 
a  net  positive  or  negative  charge  to  give  an  ion-exchange  site 
(Regnier,  1982) .  When  a  mobile  phase  containing  anions  is 
used,  the  positive  exchange  site  will  attract  and  hold  a 
negative  counter-ion.  Anion  samples  will  then  exchange  with 
the  negative  counter-ions.  Since  the  process  involves  the 
exchange  of  anions  it  is  known  as  "anion  exchange"  (Johnson 
and  Stevenson,  1978) .  The  complementary  process  of  "cation 
exchange"  occurs  when  the  stationary  phase  surface  carries  a 
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net  negative  charge.  The  positively  charged  counter-ions  will 
then  be  exchanged  with  positively  charged  sample  ions. 

The  separation  is  based  on  the  strength  of  the 
interactions  between  the  sample  ions  and  the  exchange  site. 
Ions  that  interact  only  weakly  with  the  exchange  site  will  be 
poorly  retained  and  will  have  small  chromatographic  capacity 
factor  values  (k',  the  ratio  between  the  number  of  moles  of 
solute  in  the  stationary  and  mobile  phases) ,  while  ions  that 
have  strong  interactions  will  be  strongly  retained  and  will 
have  high  k1  values  (Pryde  and  Gilbert,  1979) . 

Ion-pair  chromatography.  Ion-pair  chromatography  can  be 
used  to  separate  both  ionic  or  ionisable  molecules  (Kealey, 
1987) .  An  ionic  or  ionisable  sample  too  polar  to  interact 
with  the  apolar  hydrocarbon  phase  is  rendered  less  polar  by 
adjusting  the  pH  and/or  adding  an  ion-pairing  agent.  The 
resultant  unionized  or  ion-pair  molecule  is  hydrophobic  in 
character  and  will  be  retained  by  the  column  due  to  the 
interaction  with  the  hydrocarbon  stationary  phase. 

Exclusion  chromatography.  Exclusion  chromatography  is 
also  referred  to  as  gel  filtration,  gel  permeation 
chromatography,  or  gel  chromatography.  Exclusion 
chromatography  separates  substances  according  to  their 
molecular  size  and  shape.  Small  molecules  that  can  enter 
freely  into  the  pores  of  the  stationary  phase  are  said  to  have 
a  distribution  coefficient  of  K=l,  and  large  molecules  which 
are  completely  excluded  from  all  pores  have  a  distribution 
coefficient  of  K=0,  while  molecules  of  an  intermediate  size 
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will  have  distribution  coefficients  between  0  and  1.  Thus 
large  molecules  with  lower  K  values  will  move  more  rapidly 
through  the  column  than  will  the  smaller  molecules,  and  be 
eluted  first.  Molecules  are  therefore  eluted  in  order  of 
decreasing  molecular  size  (Hamilton  and  Sewell,  1982;  Lazure 
et  al. ,  1982) . 

Affinity     chromatography.  Affinity  chromatography 

utilizes  the  unigue  biological  specificity  of  the  interaction 

between  a  protein  molecule  and  a  suitable   ligand  (Kealey, 

1987) .     The  ligand  with  a  specific  binding  affinity  for  the 

protein    is    covalently    bonded    to    a    gel    matrix    to    form  a 

stationary  phase.     Upon  the  addition  of  sample  molecules  the 

protein  components  with  a  specific  affinity  for  the  ligand  are 

bound   and   retained.      Unbound  material    is   eluted   from  the 

column  in  the  mobile  phase,    and  the  bound  proteins  can  be 

released  by  changing  pH  of  the  mobile  phase. 

Application  of  Chromatographic  Methods  in  Species 
Identification 

Reverse   phase   HPLC   has   been   widely   used    for  protein 

separation  for  various  purposes,   such  as  identification  of 

fish   species,    and   characterization   of   muscle   proteins  or 

metmyoglobin   after   heat   denaturation    (Davis   and  Anderson, 

1984;  McConrtick  et  al.,  1987;  Oellingrath,  1988;  Osman  et  al., 

« 

1987 y.  In  a  study  using  HPLC  to  analyze  the  water-soluble 
proteins  from  31  fish  species,  Osman  et  al.  (1987)  showed  that 
based  on  the  qualitative  and  quantitative  differences  of  the 
chromatograms ,  species  identification  could  be  achieved.  They 
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also  showed  that  the  freezing  of  whole  fish  up  to  6  months  did 
not  have  any  apparent  effect  on  the  chromatograms;  however, 
cooking  caused  significant  changes  of  the  chromatograms . 
Thus,  HPLC  could  not  be  used  to  identify  the  species  origin 
of  processed  or  heat-treated  fish  samples. 

McCormick  et  al.  (1987)  demonstrated  the  effect  of 
thermal  treatment  on  the  HPLC  chromatograms  of  muscle 
sarcoplasmic  proteins.  Thirteen  fresh  porcine  muscle  proteins 
were  separated  by  HPLC.  However,  only  3  remained  soluble 
after  the  muscle  extracts  were  heated  to  70°C.  They  were 
identified  to  be  myoglobin,  pyruvate  kinase,  and  lactate 
dehydrogenase . 

Shrimp  Species  Identification  by  Conventional  Method 

The  conventional  method  for  shrimp  species  identification 
is  based  on  morphology  variation  of  the  various  parts  of  the 
body,  such  as  carapace,  abdominal  segments,  antennae,  telson, 
orbit,  eyestalk,  rostrum,  etc.  (Fig.  2) .  The  identification 
process  is  constructed  by  dichotomous  keys  for  easy  use 
according  to  the  morphological  characteristics  of  animals 
(Williams,  1984) .  A  brief  description  of  the  morphological 
characteristics  of  pink,  white,  and  rock  shrimp  used  in  this 
study  is  made  from  the  book,  "Shrimps,  Crabs,  Lobsters  of  the 
Atlantic  Coast"   (Williams,  1984). 

The  pink  shrimp  (Penaeus  duorarum)  may  be  recognized  by 
the  following  characteristics  listed  below.  The  dorsal  margin 
of  the  rostrum  is  slightly  arched.  The  median  carina  on  the 
carapace  has  a  deep  median  groove,  which  is  sometimes  widened 


29 


T5 

O 

■«* 

c 

Ot 

CO 

u 

o 

to 

ft) 

n 

CO  H 

p 

c 

c 

0) 

Q) 

•H 

H 

•»  (0 

1>  E 

X 

TJ 

C  (0 

-H 

C 

■H  -H 

TJ 

a) 

a-n 

c 

CO  iH 

0)  CO 

a 

(0 


p 


tn  o 
•h  a  tj 

(0  (0 

J*  * 

a)  R 


e 
o 


(0  (0 

o 
a)  tn 

•P 

rH 
rH  (0 

c 
c  c 
•h  a) 

-p 
a  c 

g  (0 


3  c 

•H  (0 

o  g 

tn  o 

CO 

-  O  TJ 

•H  IJi  Q) 
>i-P 

-  u  a 

Q)  Q)  (0 

c  -p  tj 
■h  a< 
a  — 

10 


(0  • 

-p 


u 
a> 
o 
o 


0) 

> 
o 
o 

CX>  >1 


(0  (0 


O 


ft>  -rH 

C-H  (0 

>  CO  rH 
<0  (0 

TJ  (0  O 
C  -P 

u  c  co 

•H  ft)  O 
■P  4J  -H 

(0  C  £ 
g  (0  o 
ft)  c 

x:  -  (0 
o  tn  u 

W  (0  J3 


IN 


tn 


p 

tn 


a) 
C 

-H 


co 

rC  rH 
(0 
-  -P 

TJ  -H 
O  Si 

o  o 

X  -P 
ft)  CO 

o 

-  a  a 

X  CO 

ft)  - 

U>rH 

•«  CU  (0 
TJ  -P 
O  »«"H 

a  co  a 

•H  3  M 
O.TJ 
ft)  o 

a 

-  o 
a  b 
a)  a 


o 

(0 
M 
D. 

tn 


ft) 

& 

•H 
fa 


30 


at  the  anterior  or  posterior  half.  Thelycum  of  the  female  has 
broad  lateral  plates  contiguous  mesially  or  overlapping 
anteromesially,  covering  a  rather  small  posterior  projection 
or  median  protuberance.  The  anterior  process  bounds  a  central 
concavity  with  a  subtriangular  ridge.  Petasma  of  the  male  has 
rather  long  distomedian  projections  extending  free  over  the 
ventral  costae;  the  latter  are  unarmed  along  the  distal  border 
but  with  6  to  12  pointed  teeth  in  2  irregular  rows  on  the 
attached  border.  The  distal  fold  forms  a  large  rounded 
auricle  armed  with  numerous  spines  in  a  half-moon  formation 
on  the  inner  surface.  The  ventrolateral  lobule  is  armed 
externally  with  spines  increasing  in  number  proximally. 

White  shrimp  (Peneaus  setiferus)  is  recognized  by  its 
morphological  characteristics  listed  as  follows.  The  white 
shrimp  has  a  thin,  polished,  and  translucent  integument.  The 
carapace  has  a  continuous  median  carina  anteriorly  with  the 
rostrum  and  extends  backward  about  2/3  length  of  the  carapace. 
The  carapace  is  not  grooved  posteriorly,  and  the  lateral 
rostral  grooves  terminate  near  the  posterior  tooth  in  roastral 
series.  The  carapace  is  armed  dorsally  with  5-11  sharp  teeth 
with  anterior  teeth  6  on  rostrum  with  the  gastrofrontal  carina 
absent.  The  rostrum  has  a  long,  slender,  unarmed,  and 
distal ly  up-curved  tip.  The  first  dorsal  tooth  is  near  the 
distal  edge  of  the  eye.  The  ventral  edge  is  usually  armed 
with  2  teeth.  The  antennal  spine  extends  upward  a  short 
distance    from   the   hepatic    spine.       The   mesial  antennular 
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flagellum  of  an  adult  male  is  flattened  dorsoventrally  and 
armed  dorsally  with  teeth.  The  antennal  flagellum  is  very 
long. 

Rock  shrimp  (Sicyonia  brevirostris)  are  characterized  by 
the  features  listed  as  follows.  The  rostrum  is  variously 
curved  dorsally  slender,  and  narrowing  considerably  to  tip. 
The  rostrum  is  armed  dorsally  with  2  or  3  subequal  teeth  (not 
counting  bifid  or  trifid  tip)  with  a  ventral  tooth  projecting 
anteriorly  farther  than  the  dorsal  teeth.  A  small  node  is 
often  present  between  the  terminal  teeth.  High  postrostral 
carina  has  3-4  teeth  behind  orbital  margin.  The  3  large  teeth 
are  behind  the  hepatic  spine  and  front  of  a  small  tooth.  The 
antenna  is  armed  with  small  buttressed  spine.  The  hepatic 
spine  of  rock  shrimp  is  well  developed,  and  ocular  stylets  are 
long.  The  abdomen  has  prominent  tergal  carina  deeply  notched 
posteriorly  on  the  first  5  segments.  Segment  1  has  carina 
produced  into  an  elevated  tooth  directed  anteriorly  with 
conspicuous  teeth  on  posterior  margin  of  segments  5  and  6. 
The  ventral  margins  of  the  pleura  are  bordered  by  a  smooth  and 
narrow  ridge.  The  margins  of  the  first  3  segments  are  broadly 
rounded  posteriorly,  but  the  segment  4  is  rectangular  or 
spined  in  shape.  The  anteroventral  angle  of  segments  1-4  is 
armed  with  a  spine,  which  is  progressively  more  developed,  and 
is  curved  laterally  or  lateroposteriorly  and  dorsally  in 
series.  Segments  5  and  6  are  broadly  rounded  anteriorly,  and 
the  posterolateral  angle  has  acute  tooth.  The  anterior  margin 
of  the  first  segment  and  the  posterior  margins  of  segments  1-3 
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are  slightly  concave.  A  deep  V-shaped  indentation  is  near  the 
midpoint  of  the  posterior  pleural  margins  on  segments  4  and 
5.  Segment  6  has  a  pronounced  angular  projection  on  the 
posterior  margin  near  the  midpoint.  The  anterior  and 
posterior  tergals  are  well  defined.  The  posterior  pleural  is 
shallow.  Segments  4  and  5  are  traversed  by  an  anterior  tergal 
terminating  near  the  midpoint.  The  posterior  tergal  is  long 
and  continuous  to  curve  anteriorly  near  the  ventral  margin  of 
pleuron  on  segment  4  only.  Segment  6  has  a  shallow  and  short 
with  broad  longitudinal  sulcus.  The  sulci  are  on  segments  as 
follows.  The  segment  1  has  a  deep  anteromedian  pleural 
dorsal ly  terminating  at  the  concavity  of  tergal  margin.  A 
long  and  well-defined  posteromedian  continues  to  the  dorsal 
side  of  tergum.  The  posterior  tergal  is  shallow  and  often 
obscure.     The  posterior  pleural  is  also  shallow. 


CHAPTER  III 

ELECTROPHORETIC  IDENTIFICATION  OF  RAW  AND  COOKED  SHRIMP 
USING  VARIOUS  PROTEIN  EXTRACTION  SYSTEMS 

Introduction 

Willful  or  unintentional  adulteration  by  substituting 
lower  quality  and/or  lower  priced  seafood  products  for  higher 
priced  products  has  led  to  an  increasing  demand  for 
identifying  species  of  fish  or  other  seafood  in  the 
marketplace.  There  are  at  least  three  broad  testing  methods 
available  for  species  identification:  chemical, 
electrophoretic  and  immunological  methods  (Kurth  and  Shaw, 
1983) .  Several  official  electrophoretic  methods,  such  as 
starch  gel-zone  electrophoresis,  acrylamide  disc 
electrophoresis,  thin  layer  polyacrylamide  gel  isoelectric 
focusing  and  cellulose  acetate  strip,  have  been  approved  by 
AOAC  (1984)  to  differentiate  species  of  seafood  or  seafood 
products.  By  using  isoelectric  focusing,  Lundstrom  (1981b, 
1983a)  and  Hamilton  (1982)  have  identified  successfully 
Pacific  rock  fish  (Sebastes)  and  other  fish  species  such  as 
cod,  haddock,  pollock,  cusk,  red  hake,  red  snapper,  weakfish, 
American  plaice  and  gray  sole.  The  highly  water-soluble 
sarcoplasmic  proteins  consisting  of  glycolytic  enzymes, 
myoglobin  and  other  proteins  present  in  the  intracellular 
fluid  of  muscle  (Goll  et  al.,  1977;  Scope,  1970)  were  often 
used    for   species    identification    (Lundstrom,    1981b,  1983a; 
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Hamilton,  1982).  However,  very  little  information  exists  on 
the  relative  effectiveness  of  various  solvent  systems  in 
extracting  proteins  for  gel  electrophoresis. 

Protein  solubility  is  affected  by  several  factors,  such 
as  pH,  ionic  strength,  temperature  or  organic  solvents 
(Thakker  and  Grady,  1984) .  Solutions  of  1%  sodium  dodecyl 
sulfate  (SDS)  ,  8  M  urea,  0.1  M  NaCl  and  a  water  homogenate 
adjusted  to  pH  8.0  have  all  been  used  to  effectively  extract 
soluble  proteins  for  biochemical  or  electrophoretic  studies 
(Chang  and  Sosulsky,  1985;  Dunker  and  Rueckert,  1969; 
Krzynowek  and  Wiggin,  1979,  1981;  Regenstein  and  Stamn,  1979; 
Tanford,  1968;  Thakker  and  Grady,  1984;  Tuszynski  et  al .  , 
1978)  . 

Solubility     of     sarcoplasmic     proteins     was  affected 
significantly     after     heat     treatment.  Blue     crab  meat 

(Callinectes  sapidus)  heated  at  100°C  for  5  min  caused  a  90% 
decrease  in  extraction  of  water-soluble  proteins  compared  to 
meat  treated  at  40°C  for  the  same  length  of  time  (Dowdie  and 
Biede,  1983) .  Heat  treatment  reduced  the  water-extractable 
proteins  as  demonstrated  by  comparing  electrophoretic  gels  of 
heated  to  non-heated  samples  (Caldironi  and  Bazan,  1980; 
Dowdie  and  Biede,  1983;  Koohmaraie  et  al.,  1984;  Yowell  and 
Flurkey,  1986) .  The  solubility  of  heat-denatured  proteins 
can  also  be  improved  by  using  various  solvent  systems  such  as 
urea  and  SDS  (Tanford,  1968;  Thakker  and  Grady,  1984).  A  10  M 
urea  solution  and  thin  layer  gel  isoelectric  focusing  was 
successfully  used  to  identify  the  various  genus  of  cooked  and 
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frozen  crab  meat  (Krzynowek  and  Wiggin,  1979,  1981).  Sodium 
dodecyl  sulf ate-polyacrylamide  gel  electrophoresis  (SDS-PAGE) 
has  been  utilized  to  separate  proteins  and  to  estimate  their 
molecular  weights  (Weber  and  Osborn,   1969,   1975) . 

The  objectives  of  this  study  were  to  evaluate  the 
effectiveness  of  5  solvent  systems  in  identifying  three 
species  of  raw  and  cooked  shrimp;  to  use  the  best  solvent (s) 
to  check  applicability  of  identifying  shrimp  species  and  their 
relative  contents  in  fabricated  samples  by  a  blind  study;  and 
to  examine  the  addition  of  protease  inhibitor  on  SDS-PAGE 
protein  patterns. 

Materials  and  Methods 

Shrimp  Samples 

Three  shrimp  samples,  pink  (Penaeus  duorarum)  (Key  West, 
FL)  ,  white  (Penaeus  setif erus)  (Jacksonville,  FL)  ,  and  rock 
shrimp  ( Sicyonia  brevirostris)  (Port  Canaveral,  FL)  were 
harvested  and  transported  within  48  hr  to  the  Food  Science  and 
Human  Nutrition  Department,  University  of  Florida, 
Gainesville.  The  three  species  were  stored  at  -33°C  until 
needed.  They  were  thawed  under  tap  water,  peeled,  and 
deveined.  For  the  cooking  treatment,  shrimp  muscle  was  placed 
in  boiling  water  for  5  min. 
Protein  Extraction  and  Sample  Preparation 

Five  solvents  were  compared  for  their  effectiveness  in 
extracting  sarcoplasmic  proteins  from  whole  raw  and  cooked 
shrimp.  They  were  water,  water  homogenate  adjusted  to  pH  8.0 
with  0.1  N  NaOH,   0.1  M  NaCl ,   1%  SDS   (w/v) ,   or  8  M  urea.  All 
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five  solvents  contained  0.1  mM  phenylmethylsulf onyl  fluoride 
(PMSF) ,  10  mM  EDTA  and  0.01%  (w/v)  sodium  azide  to  inhibit 
proteases  and  microbial  growth.  Shrimp  samples  were  chopped, 
mixed  in  a  beaker  with  each  solvent  at  a  ratio  of  1:3  (w/v), 
and  homogenized  using  a  Polytron  (setting  5.5,  Brinkmann 
Instrument,  Westbury,  NY)  at  room  temperature  for  1  min.  The 
samples  were  then  centrifuged  at  48,000  x  g  for  20  min  at 
2  0°C,  the  supernatants  were  collected,  and  protein  contents 
determined  by  Lowry  method  (Lowry  et  al. ,  1951)  .  The  presence 
of  SDS  (0.01%)  or  urea  (0.08  M)  in  the  diluted  sample  did  not 
interfere  with  the  Lowry  method. 

Protein  was  determined  for  the  supernatants  of  water,  1% 
SDS  or  8  M  urea  extract.  The  percent  yield  was  calculated  as 
the  ratio  of  total  protein  content  in  the  supernatant  to  that 
in  the  homogenate. 

Sodium  Dodecyl  Sulf ate-Polyacrylamide  Gel  Electrophoresis 
(SDS-PAGE) 

SDS-PAGE  was  performed  according  to  the  modified 
procedure  of  Laemmli  (1970)  and  O'Farrell  (1975)  using  a 
Protean  II  (vertical  slab)  unit  (Bio-Rad,  Richmond,  CA)  .  Slab 
gels  consisted  of  a  running  gel  (10.4%)  which  was  polymerized 
overnight,  and  a  stacking  gel  (3.1%)  which  was  poured  2  hr 
before     sample     application.  Protein     contents     of  the 

supernatants  were  adjusted  to  1.75  with  Tris-HCl  buffer 

(pH  6.8)  and  SDS  solution,  then  heat-denatured  and  run  on 
SDS-PAGE  (O'Farrell,  1975)  after  adding  sucrose  and 
bromophenol    blue.       A   constant    current    of    15    mA/slab  was 
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applied  initially  and  increased  to  30  mA/slab  when  the  marker 

front  reached  the  running  gel.    Following  electrophoresis,  the 

proteins  were  stained  with  0.125%   (w/v)   Coomassie  Brilliant 

Blue  R-250   (Bio-Rad)    in  40%  ethanol  and  7%  acetic  acid,  and 

then  destained  in  7%  acetic  acid.     Electrophoretic  patterns 

were  recorded  either  by  drying  the  gel  using  a  slab  gel  dryer 

(Hoefer    Scientific    Instrument,    San    Francisco,    CA)    or  by 

developing  the  positive  image  using  a  Kodak  Electrophoresis 

Duplicating  Paper  (EDP  paper,   Eastman  Kodak,  Rochester,  NY) . 

Molecular    weights    of    the    protein    bands    were  determined 

according  to  the  method  of  Weber  and  Osborn  (1969)   and  Weber 

et  al.    (1972)   using  a  low  molecular  weight   (MW)   protein  kit 

(Pharmacia,  Piscataway,  NJ)  containing:  phosphorylase  b  (MW, 

94    kD)  ,    bovine    serum   albumin    (67    kD)  ,    ovalbumin    (43    kD)  , 

carbonic     anhydrase      (30  kD)  ,      soybean     trypsin  inhibitor 

(21.1  kD)  and  a-lactalbumin  (14.4  kD) .     a-Lactalbumin  was  not 

included  for  MW  determination  due  to  its  high  Rf  value  (>0.90) 

(Dunker  and  Rueckert,   1969;  Weber  and  Osborn,  1975). 

Effect  of  Storage  and  Dilution  of  8  M  Urea  Extracts  on  Protein 
Banding  Patterns 

Raw  samples  of  pink,  white  and  rock  shrimp  were  extracted 

with  8  M  urea  containing  PMSF  as  previously  described.  The 

supernatants  were  stored  at  4°C  for  4  hr  and  1,   2,   4  and  6 

days  before  determining  protein.    The  samples  were  diluted  to 

the  desired  protein  concentration    (35  nq/20  /xL)    and  run  on 

SDS-PAGE. 
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To  characterize  the  effect  of  short-term  exposure  to  8  M 
urea  on  protein  patterns,  rock  shrimp  homogenate  was  run  on 
SDS-PAGE  at  1  hr  and  4  hr  after  sample  homogenization.  A  4 
hr  exposure  time  was  chosen  because  the  total 
extraction/protein  determination  time  was  4  hr.  The  1  hr 
samples  were  prepared  for  electrophoresis  based  on  the  results 
from  previous  studies.  The  actual  amount  of  protein  applied 
was  1.62  /ig//iL. 

A  study  was  also  conducted  to  determine  whether  diluting 
the  8  M  urea  in  the  rock  shrimp  supernatant  to  0.4  M  (20-fold 
dilution)  would  help  preserve  the  original  protein  patterns. 
In  this  diluted  sample,  protein  was  1.75  /ig//LiL.  It  was  stored 
at  4°C  for  24  hr  before  running  SDS-PAGE. 
Effect  of  Protease  Inhibitor  on  Protein  Pattern 

Pink  shrimp  proteins  were  extracted  with  water  and  the 
homogenate  was  left  at  room  temperature  for  0,  5,  10  and 
24  hr.  A  reference  group  was  extracted  in  the  presence  of 
0.1  mM  PMSF,  10  mM  EDTA  and  0.01%  sodium  azide  and  also 
allowed  to  stand  for  the  same  time  periods.  Both  samples  were 
analyzed  by  SDS-PAGE. 
Blind  Study 

A  blind  study  was  performed  on  fabricated  mixtures  of 
pink  and  rock  shrimp  to  determine  the  effectiveness  of  the 
various  extraction  methods  along  with  SDS-PAGE  in  determining 
the  presence  of  a  specific  species  (rock  shrimp)  and  its 
content  in  the  mixture.  Raw  pink  and  rock  shrimp  were 
individually  chopped  and  then  mixed  in  various  ratios  based 
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on  fresh  muscle  weight.  These  ratios  were  unknown  to  the 
investigators.  The  mixtures  were  extracted  with  water.  For 
heat  (boiled)  treatment,  the  chopped  shrimp  mixture  was  boiled 
for  5  min  in  a  2  oz  Whirl-Pak  bag  (Fisher  Scientific)  and 
homogenized  in  1%  SDS.  Following  centrifugation  and  protein 
determination,  the  diluted  supernatants  were  run  on  SDS-PAGE. 
The  protein  patterns  were  compared  to  reference  samples  of 
pink  and  rock  shrimp  at  various  ratios.  The  percent  rock 
shrimp  in  the  unknown  sample  was  determined  by  visual 
estimation  of  the  intensity  of  the  species-specific  protein 
bands. 

Results  and  Discussion 
Comparison  of  the  Five  Protein  Extraction  Solvents 

The  five  protein  extraction  systems  used  in  this  study 
can  be  categorized  into  two  general  groups:  non-denaturing 
and  denaturing  agents.  Characteristic  SDS-PAGE  patterns  were 
obtained  for  all  the  extracts  of  the  raw  and  boiled  shrimp. 
Only  the  patterns  for  white  shrimp  are  shown  (Figs.  3  and  4) . 

For  all  raw  samples,  a  low  ionic  strength  salt  solution 
(0.1  M  NaCl)  or  the  adjustment  of  the  homogenates  to  pH  8.0 
did  not  increase  protein  extractability  (data  not  shown)  or 
change  drastically  the  electrophoretic  patterns  when  compared 
to  the  water  extract  (Fig.  3) .  Two  common  protein-denaturing 
solubilizers,  SDS  and  urea,  showed  increased  protein  bands 
(Fig.  3). 

Protein  in  the  water  extracts  of  raw  samples  was  only 
1/3  to  1/4  that  of  1%  SDS  or  8  M  urea  extracts    (Table  1)  . 


Figure  3 .  SDS-PAGE  patterns  of  raw  white  shrimp  extracted 
with  water  (1) ,  water  homogenates  adjusted 
to  pH  8.0    (3),    0.1  M  NaCl    (4),    1%  SDS  (5), 
and  8  M  urea  (6) .  Protein  standards  are  also 
included  (2) . 
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Figure  4.  SDS-PAGE  patterns  of  cooked  white  shrimp  extracted 
with  water  (1) ,  water  homogenates  adjusted 
to  pH  8.0   (2),   0.1  M  NaCl   (4),   1%  SDS  (5), 
and  8  M  urea  (6) .  Protein  standards  are  also 
included  (3) . 
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Low  protein  recovery  was  also  noted  for  water  extraction 
(Table  2)  .  However,  water  was  the  best  solvent  to  extract 
proteins  from  raw  shrimp  for  electrophoresis.  Specific 
patterns  were  obtained  for  each  species,  and  distinct  bands 
could  be  recognized  and  used  for  species  differentiation. 
Water  has  been  the  most  common  solvent  used  to  extract  fish 
proteins  for  gel  electrophoresis  (Lundstrom,   1981b,   1983a) . 

Although  protein  in  1%  SDS  extracts  of  raw  samples  was 
not  as  high  as  those  in  8  M  urea  extracts  (Table  1) ,  a  higher 
recovery  was  noted  for  1%  SDS  (Table  2) .  SDS  produces  a  net 
negative  charge  on  protein  molecules  and  interacts  with 
hydrophobic  regions  of  proteins,  thus  separating  them  into 
subunits  (Cooper,  1977) .  In  addition,  SDS  also  solubilizes 
membrane  proteins.  These  contributing  factors  might  be 
responsible  for  the  higher  recovery  and  the  presence  of  more 
bands  with  high  and  low  MW  than  water  extracts  (Figs.  3  and 
4). 

Urea  was  the  most  effective  agent  to  dissolve  proteins 
from  both  raw  and  boiled  shrimp.  Urea  extracts  gave  the 
highest  protein  content  (Table  1) .  Protein  bands  with  high 
MW  were  present  (Figs.  3  and  4).  However  due  to  its  high 
density,  it  gave  a  lower  recovery  than  1%  SDS  in  extracting 
shrimp  proteins.  Urea  at  high  concentration  is  known  to 
reduce  hydrophobic  interactions  and  hydrogen  bonding  in 
proteins  and  will,  therefore,  cause  the  dissociation  of 
molecules   (Cantor  and  Schimmel,    1980;   Dunker  and  Rueckert, 
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1969)  which  may  contribute  to  the  presence  of  some  bands  with 
low  MW  (Figs.  3  and  4)  that  are  not  found  in  water  extracts. 

Heat  treatment  followed  by  water  extraction  resulted  in 
a  drastic  change  in  SDS-PAGE  patterns;  the  number  of  bands 
were  reduced  greatly  as  compared  to  raw  samples  (Fig.  4) . 
Reduction  in  band  numbers  was  also  observed  by  Dowdie  and 
Biede  (1983)  in  heated  blue  crab  meat.  Concomitant  reduction 
of  protein  bands  from  six  to  one  was  observed  by  Lee  et  al. 
(1974)  as  the  processing  temperature  of  bovine  muscle  was 
increased  from  65°  to  90°C.  High  temperature  thus  caused  both 
denaturation  and  dissociation  of  subunits.  Thus,  water  was 
not  effective  in  extracting  proteins  from  cooked  shrimp.  A 
protein  yield  of  only  8-11%  was  obtained  (Table  2) .  Protein 
from  water  extracts  of  the  three  boiled  shrimp  was  about  25% 
of  those  of  fresh  shrimp  (Table  1)  .  The  use  of  SDS  or  urea 
enhanced  protein  extractability  (Table  2)  and  provided  greater 
information  for  species  identification  (Fig.  4) .  The  patterns 
of  these  two  extracts  were  similar  (Fig.  4)  ,  so  SDS  was  chosen 
as  the  solvent  for  genus  identification  of  cooked  shrimp. 
Species-Specificitv  of  the  SDS-PAGE  Pattern 

Characteristic  gel  patterns  were  obtained  for  all  shrimp 
samples.  For  ease  of  comparison,  the  gel  was  divided  into 
three  egual  segments,  A  (top),  B  (middle)   and  C  (bottom). 

Water  extracts  of  raw  samples  showed  the  most  diversity 
between  species  (Fig.  5a).  Four  major  bands  with  MW  of  88.3, 
81.5,  78.6  and  74.1  kD  were  found  in  section  A  of  pink  shrimp 
while  white  shrimp  had  five  bands  with  MW  of  88.6,  81.7,  79.9, 
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77.7  and  75.7  kD  in  this  section.  Rock  shrimp  had  six  bands 
in  section  A  with  MW  of  88.9,  82.1,  80.6,  79.5,  78.1  and 
76.0  kD.  A  species-specific  minor  band  was  also  found  between 
section  A  and  B.  Its  MW  was  66.4,  65.7  and  63.8  kD  for  pink, 
white  and  rock  shrimp,  respectively. 

Unlike  those  found  in  pink  and  white  shrimp,  the  protein 
pattern  for  section  B  of  rock  shrimp  were  different.  A  minor 
intensity  band  with  MW  of  39.5  kD  was  only  found  in  rock 
shrimp.  Two  major  thick  bands  were  detected  in  section  C  with 
MW  of  19.1  and  18.3  kD  for  pink  and  white  shrimp  or  18.5  and 
17.7  kD  for  rock  shrimp.  The  two  rock  shrimp  bands  always 
migrated  further  than  those  from  pink  and  white  shrimp;  they 
can  be  used  for  species-specificity  identification. 

Different  banding  patterns  were  observed  for  the  SDS 
extracts  of  raw  shrimp  (Fig.  5b) .  Differences  in  intensities 
and  minor  banding  patterns  existed  between  pink  and  white 
shrimp.  However,  discernible  differences  were  found  only  in 
section  A  and  B  for  pink  and  white  shrimp.  The  78.6  kD  band 
was  only  found  in  section  A  of  pink  shrimp.  Two  bands  (80.5 
and  76.7  kD)  in  section  A  and  one  band  (41.1  kD)  in  section 
B  were  only  present  in  white  shrimp  while  rock  shrimp  had  the 
greatest  differences  from  the  other  two  shrimp  in  section  C. 
Three  unigue  bands  of  26.5,  23.7  and  21.5  kD  were  found  in 
rock  shrimp.  The  band  58.4  kD  in  section  B  was  also  unigue 
for  rock  shrimp.  The  urea  extracts  of  the  three  shrimps 
showed  similar  patterns  as  the  SDS  extracts. 
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In  contrast  to  raw  samples,  the  species-specificity  of 
the  water  extracts  of  boiled  shrimp  was  not  easily 
discernible.  Only  a  few  bands  were  detected,  and  they  were 
basically  similar  for  all  three  species  (data  not  shown) . 
However,  improved  resolution  was'achieved  for  the  SDS  extracts 
(Fig.  6) .  Pink  shrimp  was  found  to  have  similar  patterns  as 
white  shrimp,  possibly  because  they  belong  to  the  same  genus. 
Two  characteristic  thick  bands  (79.1  and  75.9  kD)  found  in 
section  A  of  the  rock  shrimp  extract  were  not  as  apparent  as 
in  white  or  pink  shrimp.  Variations  were  found  in  section  C 
of  rock  shrimp  as  compared  to  the  other  two  shrimp.  Bands 
with  MW  of  27.7-31.3  kD  were  not  present  in  rock  shrimp,  while 
three  new  bands  of  21.6,  18.7  and  17.8  kD  were  detected.  A 
new  band  with  a  MW  of  less  than  27.7  kD  was  also  found  in  rock 
shrimp.  Again,  urea  extracts  of  boiled  shrimp  revealed  the 
same  patterns  as  the  SDS  extracts.  Distinct  differences  in 
banding  patterns  could  only  be  differentiated  between  white 
or  pink  and  rock  shrimp. 

Comparison  of  SDS-PAGE  Patterns  of  Mixed  Shrimp  Protein 
Extracts 

Characteristic  banding  patterns  of  each  species  were  used 
in  identifying  the  existence  of  that  specific  species  in 
shrimp  mixtures.  For  example,  the  79.9  kD  band  of  water 
extracted  raw  white  shrimp  (Fig.  5a)  could  serve  as  an 
important  indicator  for  the  presence  of  white  shrimp  in  a 
white-rock  shrimp  mixture.  The  minor  band  specific  for  each 
species  (66.4,  65.7  or  63.8  kD  for  pink,  white  or  rock  shrimp, 
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Figure  6.  SDS-PAGE  patterns  of  SDS  extracts  of  cooked  pink, 
white  and  rock  shrimp  and  their  mixtures 
(1:1  protein  ratio).  The  numerical 
values  are  molecular  weights  of  the  specific 
proteins.  P:  pink,  W:  white  and  R:  rock  shrimp. 
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respectively)  provided  another  useful  indicator  for  species 
identification.  The  minor  band  of  the  pink  and  rock  shrimp 
is  resolved  enough  to  distinguish  these  species  (Fig.  5a) . 
However,  the  minor  band  (65.7  kD  of  white  shrimp)  can  overlap 
the  minor  band  of  rock  shrimp,  so  great  care  is  needed  when 
using  this  band  to  identify  rock  and  white  shrimp  mixtures. 
The  58.3  kD  band  of  the  rock  shrimp  (Fig.  5a)  provides 
additional  information  on  the  presence  of  rock  shrimp  in  a 
mixture.  This  sharp  band  is  intense  and  can  be  easily 
recognized  despite  the  presence  of  other  bands  with  similar 
MW's  (56.5  and  57.0  kD  for  the  pink  and  white  shrimp, 
respectively) . 

The  SDS  extracts  of  boiled  shrimp  demonstrated  a 
genus-specific  pattern  (Fig.  6) .  The  presence  of  two 
characteristic  thick  bands  (79.1  and  75.9  kD)  in  section  A, 
the  2  6.7  kD  band  in  section  B,  and  the  21.6  and  17.8  kD  bands 
in  section  C  would  indicate  the  presence  of  rock  shrimp  in  a 
mixture  of  sample.  The  2  6.7  kD  band  is  characterized  by  its 
intensity  in  mixture  samples.  The  21.6  and  17.8  kD  bands  are 
unigue  because  they  are  only  found  in  the  SDS  extract  of  rock 
shrimp. 

The  urea  extracts  of  boiled  shrimp  proteins  also  showed 
similar  gel  patterns  as  those  of  the  SDS  extracts  except  for 
the  presence  of  some  minor  bands  in  section  B.  The  presence 
of    rock   shrimp    in   the   mixture    can   be   determined   by  the 
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presence  of  two  characteristic  bands  (27.1  and  22.0  kD) .  The 
22.0   kD   band   was    only   detected    in   rock   shrimp    (data  not 
shown) . 
Blind  Study 

Using  SDS-PAGE,  various  extraction  systems,  and  the 
information  obtained  in  the  previous  studies,  all  unknown 
samples  were  correctly  identified.  The  adulterated  samples 
were  detected  at  a  maximum  of  10%  difference  from  what  was 
actually  present  for  both  raw  and  boiled  shrimp  samples 
(Table  3)  as  judged  by  direct  inspection  using  the  20% 
increment  ratio  for  the  mixed  extracts  as  a  reference. 
Effect  of  Protease  Inhibitor  on  Protein  Banding  Patterns 

Proteolytic  enzyme  activities  such  as  acid  or  alkaline 
proteases  were  found  in  the  sarcoplasmic  fractions  of  Atlantic 
croakers  as  well  as  in  the  liver,  kidney  and  alimentary  canal 
(Su  et  al.,  1981).  At  physiological  pH,  both  acid  and 
alkaline  proteases  contributed  to  the  proteolysis  of  fish 
products  during  processing  at  45°-60°C  (Lin  et  al.,  1980)  .  The 
activities  of  heat  stable  alkaline  protease  in  the  fish  muscle 
of  Pacific  whiting  even  increased  at  25°C  or  above  with 
storage  time  (Erickson  et  al.,  1983).  Thus,  the  presence  of 
these  enzymes  in  the  extract  will  affect  the  protein  patterns. 
In  this  study,  changes  in  electrophoretic  patterns  occurred 
when  PMSF  was  not  incorporated.  The  74.1  kD  band  was  not 
found  in  those  samples  lacking  PMSF.  However,  a  new  band 
(59.3  kD)  which  broadened  as  the  incubation  time  increased  was 
formed  (Fig.   7) .    The  74.1  kD  protein  is  therefore  susceptible 
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Table  3 .  The  efficiency  of  the  SDS-PAGE  assay3 

in  determining  the  percent  content  of  rock  shrimp 
in  various  mixtures  by  a  blind  study 


Actual  rock 
Experiment    shrimp  content 


Detected  rock 
shrimp  contentc 


Difference0 


Raw  sample  I 


Raw  sample  II 


10 
75 
30 
50 

10 
20 
50 
30 
15 
5 


0 

80-90 
20 
40 

10 
10-20 
40 
20 
10-20 
<10 


-10 
5-15 
-10 
-10 

0 

0-10 
-10 
-10 

+5 
5 


Cooked  sample  I 


10 
50 
5 
20 
15 
30 


Cooked  sample  II 


15 
35 
50 
10 
25 
70 


<10 
50 

<10 
30 
20 
20 


0 
0 
5 

10 
5 

■10 


10 
20 
30 
0-5 
15 
60 


-5 
■15 
-20 

-5 
■10 
■10 


a  Water  and  1%  SDS  were  used  to  extract  raw  and  cooked  shrimp 

proteins,  respectively. 
b  Actual  rock  shrimp  content  was  the  percentage  of  the  shrimp 

in  the  rock-pink  shrimp  mixture  prepared  unknown 

to  the  investigator. 
c  Detected  rock  shrimp  content  was  the  percentage  value 

determined  by  investigator  after  comparing  the  SDS-PAGE 

patterns  of  the  unknown  samples  to  standards  which  contained 

different  amounts  of  rock  shrimp  in  the  rock-pink  shrimp 

mixtures. 

Difference  was  derived  by  substracting  the  value  of  actual 
rock  shrimp  content  from  the  detected  values. 
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Figure  7.  SDS-PAGE  patterns  of  pink  shrimp  extracted  in  the 
presence  (1)  and  absence  (2)  of  protease 
inhibitor,  PMSF.  The  numerical  values  are 
molecular  weights  of  the  specific  proteins. 
P:  pink,  W:  white  and  R:  rock  shrimp. 


55 


to  proteolysis,  and  the  addition  of  protein  inhibitor  (PMSF) 
is  recommended.      Currently,    no  attempt  was  made  to  control 
proteolysis  in  the  AOAC  (1984)  protein  extraction  methods. 
Effect  of  8  M  Urea  Treatment  on  Protein  Patterns 

A  10  M  urea  extract  used  on  the  same  day  of  preparation 
was  recommended  by  Krzynowek  and  Wiggin  (1979)  to  ensure  the 
reproducibility  of  the  protein  fingerprints  obtained  by 
isoelectric  focusing.  Low  reproducibility  of  patterns  from 
urea  extract  was  encountered  when  extraction  was  not  performed 
on  the  same  day  as  SDS-PAGE.  Smeared  patterns  were  observed 
with  pink  and  rock  shrimp.  Therefore,  studies  were  conducted 
to  identify  the  proper  procedures  to  handle  urea  extracts  to 
minimize  distortion. 

A  time-dependent  degradation  of  proteins  in  8  M  urea 
extracts  of  raw  shrimp  stored  at  4°C  was  noticed  from  changes 
in  the  SDS-PAGE  patterns  (Fig.  8) .  Protein  bands  of  114  and 
99.3-74.1  kD  in  section  A,  the  50.3  kD  in  section  B,  and  the 
23.8,  20.1,  19.4  and  17.1  kD  in  section  C  for  the  pink  started 
to  disappear  while  a  new  band  of  35.2  kD  was  formed.  Protein 
degradation  started  to  take  place  on  day  two  of  storage  at  4°C 
for  pink  shrimp.  The  band  of  35.2  kD  also  started  to  degrade 
within  one  or  two  days  after  its  formation.  Rock  shrimp 
showed  the  most  serious  smearing  problem  (data  not  shown) . 
The  35.2  kD  band  appeared  on  the  second  day  after  protein 
extraction.       Consequently,    only   a    large    smeared   band  was 
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Figure  8.  Serial  changes  in  SDS-PAGE  patterns  of  raw  pink 
and  rock  shrimp  extracted  with  8  M  urea. 
The  numerical  values  are  molecular  weights 
of  the  specific  proteins. 
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found.  For  white  shrimp,  identifiable  bands  in  sections  B  and 
C  were  noticed  for  up  to  the  seventh  day  after  extraction 
(data  not  shown) . 

The  smearing  pattern  for  rock  shrimp  was  prevented  by 
shortening  the  protein  incubation  time  in  8  M  urea  to  1  hr. 
The  delay  of  the  electrophoresis  process  to  4  hr  introduced 
minor  distortion  of  the  pattern  (Fig.  9)  .  Dilution  (about 
20-fold)  of  the  8  M  urea  extract  with  water  and/or 
electrophoresis  buffer  during  sample  preparation  for 
electrophoresis  prevented  further  changes  in  protein  patterns 
even  after  storing  at  4°C  for  24  hr  (Fig.  9).  Thus,  it  was 
likely  that  the  highly  concentrated  urea  (8  M)  used  to  extract 
shrimp  proteins  was  responsible  for  the  smeared  patterns. 

Conclusion 

SDS-PAGE  was  an  effective  method  to  differentiate  and 
identify  species  of  raw  or  boiled  shrimp.  The  water  extract 
of  each  species  of  raw  shrimp  demonstrated  a  characteristic 
electrophoretic  pattern.  Heat-treatment  of  shrimp  caused  a 
loss  of  water-extractable  proteins  and  no  species-specific 
gel  pattern  was  obtained.  SDS  greatly  increased  protein 
extractability  and  the  number  of  proteins  on  the  gel,  thus 
making  the  identification  of  the  genus  of  heat-treated  shrimp 
possible.  SDS-PAGE  with  the  appropriate  protein  extraction 
system  was  found  to  be  very  effective  in  a  blind  study  for 
identifying  shrimp  species.  A  maximum  error  of  10%  was 
encountered  to  detect  the  actual  amount  of  the  individual 
shrimp  in  a  rock-pink  shrimp  mixture. 


58 
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Figure  9.  SDS-PAGE  patterns  of  urea  extracts  of  raw  rock 

shrimp  with  (2)  or  without  (1)  dilution.  Sample  A 
was  run  within  1  hr  after  the  SDS  homogenate  was 
prepared,  and  sample  B  was  run  after  the  sample 
was  prepared,  diluted  to  35  nq/  20  /xL  and  stored 
at  4°C  for  24  hr. 


CHAPTER  IV 

SPECIES  IDENTIFICATION  OF  RAW  AND  BOILED  SHRIMP 
BY  A  UREA  GEL  ISOELECTRIC  FOCUSING  TECHNIQUE 

Introduction 

Isoelectric  focusing  (IEF)  has  been  extensively  used  for 
seafood  species  identification  because  of  its  high  resolution 
in     separating     proteins.  IEF     provides     reliable  and 

reproducible  electrophoretic  protein  patterns  for 
differentiating  closely  related  species   (Lundstrom,   1980) . 

Polyacrylamide  and  agarose  are  two  common  gel  supports 
used  for  species  identification  by  IEF.  Ocean  perch, 
monkfish,  pollack,  cod,  wolffish,  cusk,  haddock  and  whiting 
have  been  identified  with  a  93%  accuracy  using  thin  layer 
polyacrylamide  gel  IEF  (Lundstrom,  1980) .  The  advantage  of 
choosing  agarose  over  polyacrylamide  IEF  is  that  it  requires 
a  shorter  focusing  time  and  it  provides  high  resolution  as 
well  as  reproducibility.  Using  thin  layer  agarose  IEF, 
various  fish  species  have  been  readily  identified  (Hamilton, 
1982;  Lundstrom,   1981b,  1983a). 

Identification  of  cooked  or  processed  seafood  has  not 
been  extensively  studied  using  this  methodology.  Protein 
molecules  are  readily  altered  by  heat  treatment.  Urea  has 
been  widely  used  to  reduce  hydrophobic  interactions  between 
proteins  (Cantor  and  Schimmel,  1980)  and  to  increase  their 
resolution    in   gel    electrophoresis    (O'Farrell,    1975).  The 
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genus  of  cooked  or  frozen  crab  meat  was  identified  with  98% 
accuracy    among    79    samples    when    crab    meat    proteins  were 
extracted  with  urea  and  analyzed  by   IEF.      This  procedure, 
however,    was    not    sensitive    enough    to    identify  individual 
species  (Krzynowek  and  Wiggin,  1979,  1981).    A  similar  result 
was  shown  by  An  et  al.    (1988)   using  an  8  M  urea  extract  of 
boiled    shrimp    proteins    for    analysis    with    sodium  dodecyl 
sulfate-polyacrylamide  gel  electrophoresis   (SDS-PAGE) .  The 
genus  of  the  cooked  shrimp  was  properly  identified  but  not  the 
species.      The   authors   also   used   1%   SDS   to   extract  boiled 
shrimp  proteins  and  reported  results  comparable  to  the  urea 
extracts.    Urea  has  also  been  incorporated  in  electrophoretic 
gels  to  enhance  protein  separation  and  resolution  (Boulikas, 
1985;  Keung  et  al.,   1985;  O'Farrell,   1975;  Tuszynsky  et  al., 
1978).      By  utilizing  a  9.2  M  urea  gel   in  IEF  for  the  first 
dimension,      O'Farrell      (1975)      successfully     separated  an 
Escherichia    coli    lysate    into    over    1,000    components  by 
two-dimensional  gel  electrophoresis. 

The  present  study  was  carried  out  (1)  to  investigate  if 
the  addition  of  urea  in  IEF  polyacrylamide  gels  would  enhance 
the  resolution  of  protein  patterns  for  shrimp  species 
identification,  (2)  to  optimize  urea  IEF  conditions  for 
speciation  of  raw  and  cooked  shrimp,  and  (3)  to  examine  the 
species-specificity  of  shrimp  protein  banding  patterns  by 
combining  the  protein  extraction  systems  with  urea  gel  IEF. 
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Materials  and  Methods 

Shrimp  Samples 

Three  shrimp  species,  pink  (Penaeus  duorarum .  Key  West, 
FL)  ,  white  (Penaeus  setiferus,  Jacksonville,  FL)  and  rock 
shrimp  (Sicyonia  brevirostris .  Port  Canaveral,  FL)  ,  were 
harvested  and  transported  within  48  hr  to  the  Food  Science 
and  Human  Nutrition  Department  at  the  University  of  Florida. 
The  samples  were  stored  at  -33°C  until  needed.  Individual 
shrimp  were  thawed  under  tap  water,  peeled,  and  deveined. 
For  the  cooking  treatment,  shrimp  were  placed  in  boiling  water 
for  5  min.  The  experimental  protocol  was  repeated  more  than 
10  times. 

Protein      Extraction      and      Sample      Preparation      for  Gel 

Electrophoresis 

Water,   1%  SDS   (w/v,   95%  purity,   Sigma  Chemical  Co.,  St. 

Louis,  MO)  ,  and  8  M  urea  (electrophoresis  purity,  BioRad)  were 

used  to  extract  proteins  from  raw  or  cooked  shrimp  (An  et  al., 

1988).  All       three       solvents       contained       0.1  mM 

phenylmethylsulfonyl   fluoride    (PMSF) ,    10  mM  EDTA  and  0.01% 

(w/v)  sodium  azide  to  inhibit  proteases  and  microbial  growth. 

Both   raw   and   cooked   shrimp   samples   were   chopped   and  each 

combined  in  separate  beakers  with  the  individual  solvents  at 

a   ratio   of    1:3    (w/v).       Samples   were   homogenized   at  room 

temperature  for  1  min  using  a  Polytron,  and  then  centrifuged 

for   20   min   at   26,900    x   g    (20°C)  .       The    supernatants  were 

collected  and  the  protein  concentration  determined  (Lowry  et 

al.,    1951);   the  final  concentration  was  adjusted  to  5  /ig//iL 
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with  water.  The  presence  of  SDS  (0.01%)  or  urea  (0.08  M)  in 
the  diluted  samples  did  not  interfere  with  the  Lowry  protein 
assay.  After  3-4  granules  of  sucrose  were  added  to  each 
100  ML  of  extract,  and  100  ng  of  protein  was  applied  to  the 
IEF  gel. 

For  mixture  samples,  shrimp  extracts  were  mixed  in  a  1:1 
protein  ratio  (w/w)  between  pink  and  white,  pink  and  rock,  or 
white  and  rock  and  a  1:1:1  ratio  between  all  three  species. 
Raw  shrimp  mixtures  were  extracted  only  with  water,  while 
cooked  shrimp  mixtures  were  extracted  with  water  as  well  as 
1%  SDS.  The  mixtures  were  processed  as  above  and  subjected 
to  IEF  analysis. 
Optimization  of  IEF  Conditions 

The  IEF  method  of  O'Farrell  (1975)  was  modified  for  a 
slab  gel  system.  Various  urea  and  ampholyte  concentrations 
in  the  gel  as  well  as  focusing  time  were  compared  to  establish 
the  best  conditions  for  shrimp  species  identification. 

Urea  concentration.  A  non-denaturing  (without  urea)  and 
a  denaturing  gel  system  with  6  or  9.2  M  urea  were  compared. 
The  water  extract  from  raw  pink  shrimp  and  protein  standards 
(Broad  pi  kit,  pH  3-10,  Pharmacia,  Piscataway,  NJ)  were 
analyzed  using  a  polyacrylamide  gel  containing  6.2%  (v/v) 
ampholyte  (Pharmalyte  pH  3-10,  Pharmacia).  The  protein 
standard  mixture  contained:  trypsinogen,  pi  9.30;  lentil 
lectin-basic  band,  pi  8.65,  -middle  band,  pi  8.45,  -acidic 
band,  pi  8.15;  horse  myoglobin-basic  band,  pi  7.35,  -acidic 
band,   pi  6.85;   human  carbonic  anhydrase  B,   pi  6.55;  bovine 
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carbonic  anhydrase,  pi  5.85;  6-lactoglobulin  A,  pi  5.20; 
soybean  trypsin  inhibitor,  pi  4.55;  and  amyloglucosidase,  pi 
3.50.  Proteins  were  focused  at  room  temperature  for  17  hr  at 
400  V  with  a  circulating  tap  water  coolant  system. 

Ampholyte  concentration.  Banding  patterns  of  the  water 
extract  of  raw  pink  shrimp  and  protein  standards  were  compared 
using  a  9.2  M  urea  polyacrylamide  gel  containing  5.0  or  6.2% 
(v/v)  ampholyte.     The  gel  was  focused  for  17  hr. 

Focusing  time.  Two  focusing  times,  10  and  17  hr,  were 
compared  using  a  9.2  M  urea  gel  containing  6.2%  (v/v) 
ampholyte. 

Isoelectric  Focusing 

A  gel  mixture  containing  4%  (w/v)  acrylamide,  2%  (w/v) 
Triton  X-100  and  9.2  M  urea  was  heated  to  37°C  with  shaking 
for  five  min  to  dissolve  urea.  Ampholyte  at  a  final 
concentration  of  6.2%  (v/v)  was  added,  the  gel  mixture  was 
degassed  for  5  min,  then  combined  with  fresh  persulfate 
solution  and  TEMED  (final  concentration:  0.02%  (v/v)  and  0.14% 
(v/v)  ,  respectively)  and  poured  into  16  x  2  0  cm  slab  gel 
plates  (0.75  mm  thick)  assembled  with  a  comb.  The  gel  was 
allowed  to  polymerize  for  1  hr.  Lysis  buffer  containing  9.5  M 
urea,  2%  (w/v)  Triton  X-100  and  2%  (v/v)  ampholyte  was 
overlayed  on  the  gel  following  the  removal  of  the  comb.  The 
gel  was  allowed  to  sit  for  another  hour.  After  the  lysis 
buffer  was  replaced  with  a  fresh  one,  prefocusing  of  the  gel 
was  done  at  200  V  for  15  min,  300  V  for  30  min  and  then  400  V 
for  30  min  in  a  Protean  II  electrophoresis  slab  gel  unit  using 
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10  mM  phosphoric  acid  as  the  anode  solution  and  20  mM  sodium 
hydroxide  as  the  cathode  solution. 

Both  the  lysis  buffer  and  cathode  solution  were  removed 
after  prefocusing.  Following  the  application  of  protein 
samples  to  the  gel,  an  aqueous  solution  containing  2%  (w/v) 
Triton  X-100  and  2%  (v/v)  ampholyte  was  overlayed  atop  the 
protein  samples.  The  gel  plate  was  reassembled  in  the 
electrophoresis  unit  and  fresh  cathode  solution  was  added  to 
the  chamber.  Proteins  were  focused  at  room  temperature  for 
17  hrs  at  400  V  with  circulating  tap  water.  After  the  IEF 
run,  the  gel  was  stained  with  Coomassie  blue  R-250  and 
destained  (Anonymous,   1986) . 

Determination  of  the  Apparent  pi  Values  of  Shrimp  Protein 
Bands 

Apparent  pi  values  of  shrimp  proteins  were  determined 
indirectly  by  comparing  their  Rf  values  on  the  gel  with  those 
of  the  protein  standards.  A  pH  profile  of  the  whole  gel  was 
determined  at  room  temperature  using  a  micro-surface  pH 
electrode  (Ingold  Electrodes  Inc.,  Wilmington,  MA).  A  linear 
relationship  of  gel  pH  and  the  Rf  values  of  protein  standards 
enabled  determination  of  apparent  pi  values  for  the 
corresponding  standards.  The  latter  was  used  to  determine  the 
pi  of  individual  shrimp  proteins.  From  the  apparent  pi  and 
Rf  values  of  the  protein  standards  and  the  Rf  values  of  the 
shrimp  proteins  on  the  gel,  the  apparent  pi  values  of  the 
shrimp  proteins  were  determined. 
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Results  and  Discussion 
Optimization  of  IEF  Gel  Conditions 

Urea  concentration.  The  presence  of  urea  in  the  gel 
greatly  increased  protein  resolution.  Among  the  three 
different  urea  concentrations  used  (0,  6  and  9.2  M)  ,  the  9.2  M 
gel  provided  the  best  protein  banding  pattern  for  raw  pink 
shrimp  and  standards  (Fig.  10).  Proteins  were  well-focused 
at  the  anode  side  and  the  bands  were  highly  resolved.  Good 
protein  separation  also  occurred  with  the  6  M  urea  gel,  but 
the  resolution  was  not  as  good  as  the  9.2  M  gel.  Four  major 
bands  were  found  with  shrimp  samples  run  on  gels  containing 
no  urea.  In  addition,  the  banding  patterns  and  the  pi  values 
of  the  protein  standards  were  different  in  the  gels  with  or 
without  urea. 

Ampholyte  concentration.  More  stable  protein  banding 
patterns  were  obtained  on  gels  containing  6.2%  ampholyte 
(Fig.  11)  .  Compared  to  the  bands  on  the  5%  ampholyte  gel, 
protein  bands  on  the  6.2%  gel  migrated  less  from  the  cathodic 
end  where  the  sample  was  applied.  Protein  bands  were  more 
evenly  distributed  on  the  6.2%  ampholyte  gel,  while  they  were 
primarily  focused  near  the  anode  side  in  the  gel  containing 
5%  ampholyte.  In  addition  diffusion  of  protein  bands  occurred 
on  the  gel  containing  5%  ampholyte. 

Focusing  time.  Focusing  for  17  hr  provided  better  band 
resolution  than  did  a  10  hr  period  (Fig.  11)  .  Proteins 
focused  for  only  10  hr  were  not  completely  resolved.  This 
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Figure  10.  Protein  banding  patterns  of  the  water  extract  of 
raw  pink  shrimp  (P)  and  protein  standards  (Std) 
focused  on  polyacrylamide  gel  containing  0,  6, 
or  9.2  M  urea  (cathode  on  top).     The  numerical 
designations  indicate  apparent  pi  values  of  the 
protein  bands. 
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Figure  11.  IEF  patterns  of  the  water  extract  of  raw  pink 

shrimp  (P)  and  protein  standards  (Std)   focused  on 
polyacrylamide  gel  containing  (1)   5%  ampholyte 
for  17  hr,    (2)   6.2%  ampholyte  for  10  hr,  and 
(3)   6.2%  ampholyte  for  17  hr  (cathode  on  top). 
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observation  supported  the  results  of  Duncan  and  Hershey  (1984) 
who  showed  that  most  proteins  were  completely  localized  by 
6,400  volt-hour. 

Determination  of  Apparent  pi  Values  of  Protein  Bands 

The  pH  gradient  on  the  gel  was  linear  over  the  entire 
length  of  the  gel  (r2  >.99).  The  Rf  values  of  protein 
standards  on  the  9.2  M  urea  gel  were  reproducible  which  was 
indicative  of  a  stable  pH  profile.  It  has  been  reported  that 
during  electrof ocusing  the  pi  values  of  proteins  in  the 
presence  of  urea  were  different  from  the  pi  values  without 
urea  (Gelsema  et  al.,  1979).  However,  we  found  that  using 
the  apparent  pi  value  (determined  by  gel  pH  measurements  at 
the  band  location)  was  useful  to  differentiate  protein  bands. 
Examples  of  the  pi  values  of  the  protein  standards  and  shrimp 
proteins  determined  from  the  standard  curve  of  gel  pH  versus 
relative  migration  (Rf)  were  shown  in  figure  12. 
Comparison  of  Solvent  Extraction  Systems 

Water,  SDS  and  urea  extracts  of  raw  pink  shrimp  had 
different  overall  IEF  patterns  (Fig.  12).  The  water  extract 
showed  banding  patterns  with  high  resolution.  A  new  band  with 
an  apparent  pi  of  6.10  was  found  with  the  SDS  extract.  SDS 
usually  caused  a  slight  shift  of  the  protein  bands  to  higher 
apparent  pi  values.  For  example  the  band  with  an  apparent  pi 
of  6.75  with  the  water  extract  was  found  to  have  a  pi  of  6.86 
with  the  SDS  extract.  This  may  be  due  to  the  binding  of 
residual  SDS  to  proteins  which  increases  their  negative 
charge . 


69 


I       2      3    Std      I       2      3  Std 
Raw  Pink  Shrimp      Cooked  Pink  Shrimp 

6.75  6.86  6.79  5.55  5.62  6.62 


6.10  6.09  5.06  5.10  6.53 


Figure  12 .   IEF  patterns  of  raw  and  cooked  pink  shrimp 

extracted  with  (1)  water,    (2)   1%  SDS,  and  (3)  8  M 
urea  (cathode  on  top) .     Protein  standards  (Std) 
are  also  included.     The  numerical  designations 
indicate  apparent  pi  values  of  the  protein  bands. 
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SDS  did  not  interfere  with  the  focusing  of  proteins. 
Miller  and  Elgin  (1974)  showed  that  slight  or  no  distortion 
of  the  pH  gradient  occurred  when  protein  samples  were  applied 
in  1%  or  0.1%  SDS  solution,  respectively.  The  presence  of 
urea  might  thus  weaken  SDS-protein  interactions  and  cause  the 
dissociation  of  SDS  from  proteins  (Weber  and  Kuter,  1971; 
Miller  and  Elgin,  1974).  Weber  and  Kuter  (1971)  showed  that 
enzyme  activity  was  regained  after  SDS  was  removed  by  an  anion 
exchange  column  in  the  presence  of  6  M  urea. 

Disappearance  of  protein  bands  occurred  with  the  urea 
extract  of  raw  pink  shrimp.  Bands  with  pi  values  of  6.79  and 
6.09  were  faded,  possibly  due  to  urea  modification  of  the 
proteins . 

Heat  treatment  of  shrimp  affected  the  extractability  of 
proteins.  Major  pi  bands  of  5.06  -  5.55  resulting  from  water 
extracts  of  cooked  pink  shrimp  (Fig.  12)  were  similar  to  those 
of  the  SDS  extracts  of  cooked  shrimp.  The  use  of  SDS  or  urea 
to  extract  cooked  shrimp  caused  increases  in  the  numbers  of 
protein  bands  on  the  gel.  Shrimp  extracted  by  SDS  or  urea 
showed  very  similar  banding  patterns.  The  two  bands  with  pi 
values  of  6.62  and  6.53  were  more  distinct  with  urea  than  with 
the  SDS  extract.  However,  the  five  major  pi  bands  of  5.10  - 
5.62  that  were  useful  for  species  differentiation  of  SDS 
extracts  were  distorted  by  urea  extraction.  Thus  water  and 
SDS  were  chosen  to  extract  cooked  shrimp  proteins. 
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Species-specificity  of  Raw  Shrimp  Protein  Patterns 

IEF  patterns  of  water  extracts  of  raw  pink,  white  and 
rock  shrimp  were  compared.  Water  extracts  gave  rise  to 
excellent  banding  patterns  for  species  identification 
(Fig.  13)  .  The  most  diverse  and  species-characteristic  bands 
occurred  at  the  low  pi  region.  Bands  with  pi  values  of  5.48, 
5.38,  and  5.11  were  specific  for  pink;  5.30,  5.22,  and  4.97 
for  white;  and  5.43,  5.20,  and  5.06  for  rock  shrimp.  Rock 
shrimp  also  had  an  additional  specific  band  with  a  pi  of  6.57. 
Numerous  minor  bands  were  also  found  in  the  water  extracts  but 
they  were  not  chosen  for  species  identification. 

SDS  extraction  did  not  provide  satisfactory  results  for 
species  identification  (data  not  shown) .  Although  more  bands 
were  obtained  with  SDS  extraction,  the  proteins  were  focused 
so  close  together  that  they  could  not  be  easily  resolved  to 
differentiate  the  shrimp  species. 

Species-Specificity  of  Cooked  Shrimp  Protein  Patterns 

Species  differences  with  cooked  shrimp  were  observed 
using  SDS  extracts  (Fig.  14) .  The  protein  bands  with  low  pi 
values  were  again  most  useful  for  species  identification. 
Pink  shrimp  had  characteristic  pi  bands  of  5.57,  5.43  and 
5.15;  white  shrimp — 5.57,  5.41,  5.34  and  5.27;  and  rock 
shrimp — 5.53,  5.32  and  5.12.  Rock  shrimp  also  had  a  unigue 
band  at  6.71. 

The  water  extracts  of  cooked  shrimp  also  showed  species 
specificity  (Fig.  15)  .  Most  of  the  protein  bands  found  in 
water  extracts  of  raw  shrimp  were  not  detected.     The  unigue 


-7.29 
i7.IO 
■6.89 

■6.49 
i6.30 

;5.82 
^5.72 


-5.13 
■4.92 


W     R     PW    PR    WR  PWR  Std 


5.48  5.30  6.57 
5.38  5.22  5.43 
5.11   4.97  5.20 
5.06 


Figure  13.  IEF  patterns  of  water  extracts  of  raw  pink  (P) , 
white  (W) ,  and  rock  (R)   shrimp,  and  their 
mixtures  (cathode  on  top) .     Protein  standards 
(Std)  are  also  included.     The  numerical 
designations  indicate  apparent  pi  values  of  the 
protein  bands. 
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Figure  14.  IEF  patterns  of  SDS  extracts  of  cooked  pink  (P) , 
white  (W) ,  and  rock  (R)  shrimp,  and  their 
mixtures  (cathode  on  top) .     Protein  standards 
(Std)  are  also  included.     The  numerical 
designations  indicate  apparent  pi  values  of  the 
protein  bands. 


74 


p     W     R    PW   PR    WR    PWR  Std 
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5.32  5.25  5.14 
5.06  5.19  4.95 
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Figure  15.  IEF  patterns  of  water  extracts  of  cooked  pink 
(P) ,  white  (W) ,  and  rock  (R)  shrimp,  and  their 
mixtures  (cathode  on  top) .     Protein  standards 
(Std)  are  also  included.     The  numerical 
designations  indicate  apparent  pi  values  of  the 
protein  bands. 
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bands  had  low  pi  values:  5.44,  5.32  and  5.06  for  pink;  5.32, 
5.25  and  5.19  for  white;  and  5.47,  5.14,  4.95  and  4.89  for 
rock  shrimp. 

Comparison  of  Mixture  Samples 

The  urea  gel  IEF  system  was  used  to  detect  the  presence 
of  shrimp  species  in  various  mixtures.  The  presence  of  rock 
shrimp  could  be  easily  detected  in  raw  mixtures  by  the 
presence  of  a  thick  band  at  pi  6.57  (Fig.  13).  The  presence 
of  pink  or  white  shrimp  in  mixtures  was  distinguishable  by 
the  presence  of  bands  with  pi  values  of  5.11  and  4.97, 
respectively.  The  determination  of  shrimp  origin  in  mixtures 
could  possibly  be  determined  from  a  comparison  of  the  changes 
in  intensity  of  the  unigue  major  pi  bands  of  5.20  -  5.48  in 
addition  to  the  protein  patterns.  For  example,  pi  bands  of 
5.48  and  5.38  appeared  to  be  intensified  in  the  pink-white 
shrimp  mixture;  pi  bands  of  5.43  and  5.20  appeared  intensified 
for  the  pink-rock  shrimp  mixture;  and  pi  bands  of  5.30  and 
5.22  appeared  intensified  for  the  white-rock  shrimp  mixture. 
When  all  three  shrimp  species  were  mixed,  some  overlapping  of 
specific  bands  occurred  and  only  three  bands  of  similar 
intensity  resulted.  However,  caution  in  using  intensities 
should  be  observed  because  of  the  difficulty  in  reliable 
protein  content,   assay  and  measurement  of  the  bands. 

For  boiled  mixture  samples,  the  presence  of  rock  shrimp 
could  easily  be  detected  by  the  band  at  6.71.  The  method  used 
for  raw  samples  was  also  applicable  for  cooked  mixtures 
especially    when    samples    were    extracted    with    water.  The 
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detection  of  species  could  be  made  by  comparing  the  changes 
of  the  intensity  of  the  major  bands  with  pi  values  of  5.12  - 
5.57.  The  water  extract  (Fig.  14)  provided  a  more 
distinguishable  pattern  than  the  SDS  extract  (Fig.  15)  for 
mixtures  of  two  or  three  shrimp  species.  The  presence  of  pink 
shrimp  in  a  mixture  was  detected  by  the  appearance  of  a  pi 
band  at  5.06.  The  bands  with  pi  values  of  5.25  and  5.19,  and 
4.95  and  4.89  were  unigue  for  white  shrimp  and  rock  shrimp, 
respectively. 

Thus,  the  urea  gel  IEF  method  described  in  this  study 
was  effective  in  identifying  the  species  origin  of  raw  and 
cooked  shrimp.  Water  extracts  provided  excellent  banding 
patterns  to  help  differentiate  raw  pink,  white  and  rock 
shrimp.  The  soluble  proteins  with  low  apparent  pi  values 
obtained  from  cooked  shrimp  by  water  and  SDS  also  played 
important  roles  for  shrimp  species  identification.  This 
technigue  could  be  applied  to  identify  the  species  of  seafood 
or  to  detect  adulteration  in  raw  or  heat-processed  seafood 
products . 

Conclusion 

Incorporation  of  urea  (9.2  M)  in  the  gel  greatly 
increased  the  protein  separation  and  the  band  resolution.  On 
the  optimized  condition  using  gels  containing  9.2  M  urea  and 
6.2%  ampholytes  and  focused  for  17  hrs,  shrimp  species  were 
identified  by  the  patterns  of  major  protein  bands.  However, 
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identification  of  species  in  the  mixture  samples  were 
complicated  due  to  the  overlapping  of  protein  bands  for  both 
raw  and  boiled  shrimp. 


CHAPTER  V 

USE  OF  A  MODIFIED  UREA  GEL  ISOELECTRIC  FOCUSING  TECHNIQUE 
FOR  SPECIES  IDENTIFICATION  OF  RAW  AND  BOILED  SHRIMP 

Introduction 

Isoelectric  focusing  (IEF)  has  been  extensively  used  for 
identification  of  seafood  species  because  it  provides  reliable 
and  reproducible  resolved  protein  patterns  for  differentiating 
closely  related  species  (Lundstrom,  1980) .  Using  thin  layer 
polyacrylamide  gel  IEF,  various  fish  species  have  been  readily 
identified  (Hamilton,   1982;  Lundstrom,   1981b,  1983a). 

Identification  of  cooked  or  processed  seafood  has  not 
been  extensively  studied  using  this  methodology.  Most 
difficulties  encountered  are  due  primarily  to  alterations  of 
protein  molecules  by  heat  treatment.  The  extractability  of 
heat  denatured  proteins  can  be  increased  by  the  use  of  sodium 
dodecyl  sulfate  (SDS)  or  urea.  Krzynowek  and  Wiggin  (1979, 
1981)  used  IEF  of  urea-extracted  crab  meat  proteins  to 
identify  with  98%  accuracy  the  genus  of  cooked  or  frozen  crab 
meat  among  79  samples.  Recently  An  et  al.  (1988)  used  8  M 
urea  or  1%  SDS  to  extract  boiled  shrimp  proteins,  and  they 
properly  identified  the  genus  of  cooked  shrimp  using  sodium 
dodecyl  sulf ate-polyacrylamide  gel  electrophoresis  (SDS-PAGE)  . 

Urea  has  been  incorporated  in  electrophoretic  gels  to 
enhance  protein  separation  and  resolution  (Boulikas,  1985; 
Keung  et  al.,  1985;  O'Farrell,  1975;  Tuszynsky  et  al.,  1978). 
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By  utilizing  a  9.2  M  urea  IEF  gel  for  the  first  dimension, 
O'Farrell  (1975)  successfully  separated  an  Escherichia  coli 
lysate  into  over  1,000  components  by  two-dimensional  gel 
electrophoresis.  An  et  al.  (1989a  and  b)  also  have  achieved 
a  good  protein  separation  for  shrimp,  fish  and  surimi  samples 
by  adding  9.2  M  urea  and  6.2%  ampholytes  (pH  3-10)  in  the  IEF 
gel.  The  results  indicated  that  even  cooked  samples  could  be 
identified  by  this  method.  Although  most  of  the  major  bands 
at  the  anodic  side  of  the  gel  were  resolved  and  could  be  used 
effectively  for  species  comparison,  the  minor  protein  bands 
at  the  lower  pi  region  of  the  gel  were  clustered  together  due 
to  the  pH  3-10  ampholytes  (An  et  al.,  1989a).  Since  these 
minor  protein  bands  may  also  provide  useful  information  to 
further  aid  species  identification,  efforts  were  made  to 
expand  that  region  by  incorporating  into  the  gel  a  narrower 
ampholyte  range  (pH  4-6.5)  (Marshall  and  Williams,  1988). 
Therefore,  the  objectives  of  this  study  were  (1)  to  optimize 
the  propositions  of  pH  3-10  and  pH  4-6.5  ampholytes  to  better 
separate  species-specific  protein  bands  at  a  narrower  pH  range 
from  5.0  to  7.5,  and  (2)  to  examine  whether  the  IEF  patterns 
could  be  used  for  species  identification  of  the  raw  and  cooked 
shrimp. 

Materials  and  Methods 

Sample  Preparation 

Three  shrimp  species,  pink  (Penaeus  duorarum.  Key  West, 
FL)  ,  white  (Penaeus  setiferus,  Jacksonville,  FL)  ,  and  rock 
shrimp    (Sicvonia    brevirostris .    Port    Canaveral,    FL)  ,  were 
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harvested  and  transported  within  48  hr  to  the  Food  Science 
and  Human  Nutrition  Department  at  the  University  of  Florida. 
The  samples  were  stored  at  -3  3°C  until  needed.  Individual 
shrimp  were  thawed  under  tap  water,  peeled,  and  deveined. 
For  the  cooking  treatment,  shrimp  were  placed  in  boiling  water 
for  5  min. 

Water  and  1%  SDS  (w/v)  were  used  to  extract  proteins  from 
raw  or  cooked  shrimp,  respectively  (An  et  al.,  1988).  The 
solvents  contained  0.1  mM  phenylmethylsulfonyl  fluoride 
(PMSF) ,  10  mM  EDTA  and  0.01%  (w/v)  sodium  azide  to  inhibit 
proteases  and  microbial  growth.  Both  raw  and  cooked  shrimp 
samples  were  chopped  and  each  combined  in  separate  beakers 
with  the  individual  solvents  at  a  ratio  of  1:3  (w/v).  Samples 
were  homogenized  at  room  temperature  for  1  min  using  a 
Polytron,  and  then  centrifuged  for  20  min  at  26,900  x  g 
(20°C)  .  The  supernatants  were  collected  and  the  protein 
concentration  determined  (Lowry  et  al.,  1951);  the  final 
concentration  was  adjusted  to  5  /xg//xL  with  water.  After  3-4 
granules  of  sucrose  were  added  to  each  100  /xL  of  extract, 
100  nq  of  protein  was  applied  on  the  IEF  gel.  For  mixture 
samples,  shrimp  extracts  were  mixed  in  a  1:1  protein  ratio 
(w/w)  between  pink  and  white,  pink  and  rock,  or  white  and  rock 
and  a  1:1:1  ratio  between  all  three  species.  The  mixtures 
were  processed  as  above  and  subjected  to  IEF  analysis.  All 
experiments  were  repeated  at  least  three  times. 
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Optimization  of  a  Narrower  pH  IEF  Gel  System 

The  modified  IEF  method  of  An  et  al.  (1989a)  for  a  slab 
gel  system  was  further  modified  as  follows. 

Electrolytes.  Two  different  electrolyte  systems,  20  mM 
sodium  hydroxide-10  mM  phosphoric  acid  (O'Farrell,  1975)  and 
10  mM  histidine-10  mM  glutamic  acid  (Anonymous,  1988)  were 
compared.  Banding  patterns  were  analyzed  using  the  water 
extracts  from  raw  pink  shrimp  and  protein  standards  (Broad  pi 
kit,  pH  3-10,  Pharmacia).  The  protein  standards  contained: 
trypsinogen,  pi  9.30;  lentil  lectin-basic  band,  pi  8.65, 
-middle  band,  pi  8.45,  -acidic  band,  pi  8.15;  horse 
myoglobin-basic  band,  pi  7.35,  -acidic  band,  pi  6.85;  human 
carbonic  anhydrase  B,  pi  6.55;  bovine  carbonic  anhydrase,  pi 
5.85;  B-lactoglobulin  A,  pi  5.20;  soybean  trypsin  inhibitor, 
pi  4.55;  and  amyloglucosidase ,  pi  3.50. 

Ampholyte  mixtures.  Ampholytes  were  mixed  to  produce  an 
optimal  gel  pH  range  for  shrimp  protein  separation  and  to 
allow  focusing  at  the  anodic  side  of  the  pH  3-10  gel. 
Ampholyte  4-6.5  (Pharmalytes  4-6.5)  at  100,  80,  and  60%  were 
mixed  with  0,  20,  and  40%  ampholytes  of  pH  3-10  (Pharmalytes 
3-10) ;  the  mixture  was  added  into  the  urea  gel  at  the  final 
concentration  of  6.2%  (v/v) .  The  banding  patterns  were 
compared  with  the  water  extract  of  raw  pink  shrimp  and  protein 
standards . 
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Isoelectric  Focusing 

A  gel  mixture  containing  4%  (w/v)  acrylamide,  2%  (w/v) 
Triton  X-100  and  9.2  M  urea  was  heated  to  37°C  with  shaking 
for  five  min  to  dissolve  urea.  Ampholytes  at  a  final 
concentration  of  6.2%  (v/v)  were  added,  the  gel  mixture  was 
degassed  for  5  min,  then  combined  with  fresh  persulfate 
solution  and  TEMED  (final  concentration:  0.02%  (v/v)  and  0.14% 
(v/v)  i  respectively)  and  poured  into  16  x  20  cm  slab  gel 
plates  (0.75  mm  thick)  assembled  with  a  comb.  The  gel  was 
allowed  to  polymerize  for  1  hr.  Lysis  buffer  containing  9.5  M 
urea,  2%  (w/v)  Triton  X-100  and  2%  (v/v)  ampholyte  was 
overlayed  on  the  gel  following  the  removal  of  the  comb.  The 
gel  was  allowed  to  sit  for  another  hour.  After  the  lysis 
buffer  was  replaced  with  a  fresh  one,  prefocusing  of  the  gel 
was  done  at  200  V  for  15  min,  300  V  for  30  min  and  then  400  V 
for  30  min  in  a  Protean  II  electrophoresis  slab  gel  unit  using 
10  mM  phosphoric  acid  as  the  anode  electrolyte  solution  and 
20  mM  sodium  hydroxide  as  the  cathode  solution. 

Both  the  lysis  buffer  and  cathode  solution  were  removed 
after  prefocusing.  Following  the  application  of  protein 
samples  to  the  gel,  an  aqueous  solution  containing  2%  (w/v) 
Triton  X-100  and  2%  (v/v)  ampholyte  was  overlayed  atop  the 
protein  samples.  The  gel  plate  was  reassembled  in  the 
electrophoresis  unit  and  fresh  cathode  solution  was  added  to 
the  chamber.  Proteins  were  focused  at  room  temperature  for 
17  hrs  at  400  V  with  circulating  tap  water.  After  the  IEF 
run,    the    gel    was    stained    with    Coomassie    blue    R-250  and 
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destained.  Positive  image  was  developed  from  the  stained  gel 
using  EDP  paper  (Electrophoresis  Duplicating  Paper) . 

Protein  profiles  of  the  IEF  gel  was  scanned  using  the 
video  densitometer  (Model  62  0,  BioRad)  with  the  developed 
pictures  on  EDP  paper.  The  densitometer  was  set  at  the 
reflectance  mode. 

pH  Measurement  of  the  Gel  and  Determination  of  the  Apparent 
pi  Values  of  Shrimp  Protein  Bands 

Apparent  pi  values  of  shrimp  proteins  were  determined 
indirectly  by  comparing  their  Rf  values  on  the  gel  with  those 
of  the  protein  standards.  A  pH  profile  of  the  whole  gel  was 
determined  at  room  temperature  (25  +  2°C)  before  protein 
fixation  using  a  micro-surface  pH  electrode.  A  linear 
relationship  of  gel  pH  and  the  Rf  values  of  protein  standards 
enabled  determination  of  the  apparent  pi  values  for  the 
corresponding  standards.  From  the  apparent  pi  and  the  Rf 
values  of  the  protein  standards  and  the  Rf  values  of  the 
shrimp  proteins  on  the  gel,  the  apparent  pi  values  of  shrimp 
proteins  were  determined. 

Results  and  Discussion 
Optimization  of  IEF  Gel  Conditions  for  a  Narrower  pH  Range 

Electrolytes.  The  histidine-glutamic  acid  electrolyte 
system  recommended  by  the  manufacturer  interfered  with 
proteins  focusing  at  the  narrower  pH  range  of  4-6.5.  There 
was  no  stable  pH  gradient  formation  in  the  gel  and 
conseguently  no  protein  separation  (data  not  shown) .  The 
interference  still  occurred  when  proteins  were  focused  at  4°C 
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in  the  gels  containing  no  urea.  It  was  speculated  that  the 
low  pH  of  histidine  might  cause  protein  precipitation  on  the 
gel  and  thus  interfere  with  their  entering  into  the  gel.  The 
precipitated  proteins  might  also  prevent  electrolytes  from 
moving  continuously  through  the  gel.  This  problem  was 
alleviated  by  the  use  of  the  sodium  hydroxide-phosphoric  acid 
electrolyte  system;  a  stable  pH  gradient  and  reproducible 
banding  patterns  were  obtained.  Therefore  the  sodium 
hydroxide-phosphoric  acid  system  was  used  for  subsequent 
studies. 

Ampholyte  mixtures.  Different  ampholyte  mixtures 
affected  the  pH  profile  of  the  gel  at  the  cathodic  region. 
Incorporation  of  40%  pH  3-10  ampholytes  with  60%  pH  4-6.5 
ampholytes  caused  the  increase  of  about  one  pH  unit  at  the 
end  of  the  cathodic  region  as  compared  to  the  gel  that 
contained  only  pH  4-6  ampholytes  (Fig.  16) .  Thus  the  actual 
pH  of  the  gel  containing  only  pH  4-6.5  ampholytes  was 
determined  to  range  from  4.3  to  7.2;  from  pH  4.6  to  7.7  for 
the  80%  pH  4-6.5  ampholytes;  and  from  pH  4.3  to  8.3  for  the 
60%  pH  4-6.5  ampholytes. 

The  change  of  the  gel  pH  range  also  affected  the 
resolution  of  raw  pink  shrimp  proteins  and  protein  standards. 
Band  distance  between  proteins  increased  due  to  the  higher 
percentages  of  the  pH  4-6.5  ampholytes.  Among  the  three 
different  mixtures,  80%  (pH  4-6.5  ampholytes)  was  found  to 
separate  efficiently  the  raw  shrimp  proteins.  Most  of  the 
protein    bands    useful    for    shrimp    species  identification, 
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Figure  16.  pH  profiles  of  IEF  gel  containing  three  different 
ratios  of  wide  and  narrow  pH  range  of  ampholytes. 
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including  those  bands  with  low  pi  values  reported  previously 
(An  et  al.,  1989a),  were  well  resolved  and  distributed 
throughout  the  gel  (Fig.  17).  The  use  of  only  the  narrow  pH 
range  ampholytes  (4-6.5)  showed  a  good  protein  band 
separation;  but  some  protein  bands  at  the  cathodic  end  were 
excluded  from  the  gel  due  to  the  narrower  gel  pH  range. 
Although  most  of  the  protein  bands  found  on  the  gel  containing 
only  pH  3-10  ampholytes  were  present  on  the  gel  containing  the 
40%  (pH  3-10)  and  60%  (pH  4-6.5)  ampholyte  mixture,  the 
protein  bands  were  not  separated  clearly  as  those  on  the  gel 
containing  the  20%  (pH  3-10)  and  80%  (pH  4-6.5)  ampholyte 
mixture.  Therefore  the  latter  ampholyte  mixture  was  used  to 
separate  shrimp  proteins  in  further  studies. 
Species-Specificity  of  Raw  Shrimp  Protein  Patterns 

IEF  patterns  of  the  water  extracts  of  raw  pink,  white 
and  rock  shrimp  and  their  mixtures  were  compared  to  determine 
whether  IEF  patterns  could  be  used  to  identify  species 
(Fig.  18)  .  As  reported  previously  using  only  the  pH  3-10 
ampholytes  (An  et  al.,  1989a),  species  identification  could 
be  confirmed  by  detection  of  the  major  species-specific 
protein  bands  that  were  present  at  the  anodic  side  (Fig.  18) . 
These  included  the  protein  bands  with  pi  values  of  6.97,  6.79, 
5.52  and  5.45  for  pink  shrimp,  the  6.87,  5.45  and  5.42  bands 
for  white  shrimp,  and  the  5.54  and  5.31  bands  for  rock  shrimp. 

Species  identification  could  also  be  achieved  by  comparing 
the  patterns  of  the  minor  bands  that  were  well  separated.  The 
bands  with  pi  values  of  7.41,  7.28  and  7.26  for  pink  shrimp, 
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Figure  17.  IEF  patterns  of  water  extracts  of  raw  pink  and 

protein  standards  focused  on  urea  polyacrylamide 
gel  containing  100%,   80%,   and  60%  of  pH  4-6.5 
ampholytes  with  addition  of  0%,  20%,  and  40% 
pH  3-10  (Cathode  on  top) . 


88 


P    W     R    PW  PR  WR  PWR  Std 


7.41     7.41  7.16  7.27 

7.28    7.29  6.78  7.16 

7.26    7.02  6.75  6.98 

6.97    6.87  6.33  6.39 

6.79     6.77  6.24  5.85 

5.52    6.66  6.20  5.77 

5.45    5.96  5.54  5.28 

5.45  5.31 

5.42 


Figure  18.  IEF  patterns  of  water  extracts  of  raw  pink  (P) , 
white  (W) ,  and  rock  (R)   shrimp,  and  their 
mixtures  (cathode  on  top) .     Protein  standards 
(Std)   are  also  included.     The  numerical  values 
indicate  apparent  pi  values  of  the  protein  bands. 
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the  7.41,  7.29,  7.02,  6.77,  6.66  and  5.96  bands  for  white 
shrimp,  as  well  as  the  7.16,  6.78,  6.75,  6.33,  6.24  and  6.20 
bands  for  rock  shrimp  were  shown  to  be  specific  for  each 
species.  The  presence  of  these  bands  together  with  the  major 
bands  could  be  used  effectively  in  identifying  the  species  as 
well  as  in  detecting  the  presence  of  a  specific  shrimp  species 
in  the  mixture.  For  example,  the  presence  of  rock  shrimp  in 
the  pink  +  rock,  white  +  rock,  or  pink  +  white  +  rock  shrimp 
mixture  could  be  determined  from  the  presence  of  the  7.16, 
6.75,  6.33,  6.24  and  5.31  protein  bands  that  were  specific  for 
rock  shrimp. 

The  difference  in  protein  banding  patterns  of  the  three 
shrimp  species  was  well  reflected  by  the  diversity  of  their 
densitometric  scanning  profiles  (Fig.  19)  .  Since  better 
protein  separation  occurred  in  these  gels  containing  the  20% 
(pH  3-10)  and  80%  (pH  4-6.5)  ampholyte  mixture, 
species-specific  peaks  were  distributed  throughout  the 
profiles.  Peaks  at  the  5-4  0  and  90-110  mm  regions  appeared 
to  be  more  useful  for  species  differentiation. 
Species-Specificity  of  Cooked  Shrimp  Protein  Patterns 

The  water  extracts  of  the  cooked  shrimp  also  showed 
different  protein  patterns  (Fig.  20) .  Less  shrimp  proteins 
were  extracted  due  to  heat  treatment.  Thus  many  minor  protein 
bands  that  were  used  for  species  identification  in  the  raw 
sample  were  not  present  on  the  gel.  The  bands  with  low  pi 
values,  such  as  the  5.56,  5.51  and  5.48  for  pink  shrimp,  the 
5.48,    5.43,    5.38,    5.07   and   4.98    for  white   shrimp,    and  the 
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Figure  19.  Densitometric  profiles  of  water  extracts  of  pink, 
white,  and  rock  shrimp  extracted  with  water. 
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Figure  20.  IEF  patterns  of  water  extracts  of  cooked  pink 
(P) ,  white  (W) ,  and  rock  (R)   shrimp,  and  their 
mixtures  (cathode  on  top) .     Protein  standards 
(Std)  are  also  included.     The  numerical  values 
indicate  apparent  pi  values  of  the  protein  bands. 
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5.76,  5.56,  5.51,  5.49  5.42,  5.20  and  5.14  for  rock  shrimp, 
were  most  useful  for  species  identification.  Identification 
of  shrimp  species  in  a  mixture  of  shrimp,  however,  was 
complicated  because  of  the  similar  patterns  between  the  shrimp 
species. 

SDS  enhanced  protein  extractability  of  some  proteins  and 
thus  caused  the  increase  of  protein  band  numbers  on  the  IEF 
gel  (Fig.  21).  The  protein  bands  with  pi  values  of  6.83, 
6.79,  6.03  and  5.13  were  specific  for  rock  shrimp;  these  rock 
shrimp  bands  could  easily  be  distinguished  even  in  mixture 
samples.  Species  could  also  be  identified  by  checking  the 
presence  of  the  major  protein  bands  with  pi  values  of  5.33  and 
5.26  for  pink  shrimp,  and  5.4  0  and  5.23  for  white  shrimp.  Due 
to  the  clustering  of  these  bands,  the  identification  of 
species  specificity  in  mixture  samples  was  difficult  except 
for  rock  shrimp. 

Conclusion 

The  use  of  a  20%  (pH  3-10)  and  80%  (pH  4-6.5)  ampholyte 
mixture  in  IEF  gels  caused  the  production  of  a  narrower  pH 
gel  ranging  from  pH  4.7  to  7.7,  and  greatly  enhanced  protein 
separation  and  band  resolution  as  compared  to  gels  containing 
only  the  pH  3-10  ampholyte.  In  addition  to  the  major  bands, 
many  species-specific  minor  bands  were  well  separated  in  the 
water  extracts  of  raw  shrimp  samples,  thus  providing  important 
information  for  species  identification.  For  cooked  samples, 
each  species  could  be  differentiated  by  its  own  unique  protein 
banding    patterns.        However,     the    differentiation    of  the 
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Figure  21.  IEF  patterns  of  SDS  extracts  of  cooked  pink  (P) , 
white  (W) ,  and  rock  (R)   shrimp,  and  their 
mixtures  (cathode  on  top) .     Protein  standards 
(Std)   are  also  included.     The  numerical  values 
indicate  apparent  pi  values  of  the  protein  bands. 
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specific  shrimp  species  in  a  mixture  of  shrimp  was  not 
effective  due  to  the  loss  of  some  species-related  protein 
bands  by  the  heat  treatment.  Unlike  the  pink  and  white 
shrimp,  the  presence  of  cooked  rock  shrimp  in  mixtures  could 
be  easily  identified  by  using  the  unique  protein  bands  that 
were  present  in  the  1%  SDS  extractant  of  the  cooked  rock 
shrimp. 


CHAPTER  VI 

IMMUNOCHEMICAL  IDENTIFICATION  OF  SHRIMP  SPECIES 
USING  ROCK  SHRIMP  AS  A  MODEL 

Introduction 

The  establishment  of  reliable  procedures  to  identify  food 
components  has  been  of  great  research  interest  and  commercial 
importance.  Immunological        techniques,        such  as 

immunodiffusion,  hemagglutination  inhibition,  rocket 
Immunoelectrophoresis,  and  enzyme-linked  immunosorbent  assay 
(ELISA)  have  been  widely  used  for  detecting  the  species  origin 
of  fish,  beef,  pork,  and  chicken  or  to  detect  food  components 
in  seafood  or  meat  products  (Hayden,  1977,  1978  and  1981; 
Hitchcock  et  al.,  1981;  Karpas  et  al.,  1970;  Skerritt,  1985). 
Among  these  methods,  ELISA  offers  great  advantages  in  that  (1) 
the  test  can  be  performed  in  a  short  period  of  time,  (2)  a 
small  volume  of  species-specific  antisera  is  required,  (3)  the 
antisera  can  be  mixed  for  multiple  species  specificity  in  a 
screening  procedure,  (4)  equipment  is  available  to 
semi-automate  the  assay,  and  (5)  the  increased  sensitivity  of 
the  assay  allows  the  use  of  simple  sampling  techniques 
(Whittaker  et  al.,  1983).  However,  in  early  studies,  the 
ELISA  technique  could  not  reliably  differentiate  the  species 
of  origin  of  meat  samples  because  of  the  cross-reactivity  of 
conventional  antisera  with  unrelated  species,  the  variable 
titer,  and  specificity  of  different  preparations  of  antisera 
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(Kang'ethe  et  al.,  1982;  Patterson  et  al.,  1984;  Whittaker  et 
al.,  1983).  These  problems  with  conventional  antisera  can  be 
alleviated  by  the  use  of  monoclonal  antibodies  (McAb)  specific 
for  different  food  components. 

The  hybridoma  technique  first  introduced  by  Kohler  and 
Milstein  (1975)  is  used  to  produce  unlimited  quantities  of 
McAbs  with  exceptional  specificity  and  consistent  binding 
properties  (Edwards,  1981) .  Therefore  McAbs  should  be  very 
effective  reagents  in  ELISA  tests  developed  to  identify  the 
species  origin  of  food  components  as  well  as  to  quantitate 
component  levels  in  meat  or  seafood  products.  Furthermore, 
ELISA  tests  using  McAbs  should  be  able  to  replace  the  less 
sensitive  and  more  time-consuming  electrophoretic  methods 
which  have  been  used  officially  for  identifying  fish  species 
(AOAC,   1984) . 

Hybridoma  technology  was  applied  by  Lundstrom  (1984, 
1985)  to  identify  fish  species  and  to  differentiate  fish 
stock.  Crude  protein  extracts  from  heat-denatured  fish  muscle 
were  used  to  immunize  mice  for  the  preparation  of  McAbs. 
However,  high  cross-reactivity  between  unrelated  fish  was 
noted,  and  species-specificity  was  not  found  when  McAbs  were 
tested  against  numerous  fish  species.  This  may  have  been  due 
to  the  fact  that  most  of  the  antibodies  produced  against  the 
crude  extracts  were  specific  for  the  most  prevalent  proteins 
such  as  albumin  rather  than  the  less  abundant  species-specific 
proteins  in  the  extracts.  Similar  results  were  also  reported 
by  Tracy  et  al.   (1983)  who  injected  a  protein  extract  of  whole 
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human  urine  into  mice  in  an  attempt  to  produce  McAbs  of 
various  specificities.  Most  of  the  positive  hybridomas 
produced  antibodies  to  albumin,  an  abundant  urinary  protein 
in  renal  disease,  rather  than  the  protein  of  interest,  PC-30. 
After  the  antigens  were  separated  by  two-dimensional  gel 
electrophoresis,  McAbs  were  developed  and  shown  to  be  specific 
for  PC-30  as  confirmed  by  autoradiography. 

The  present  study  was  carried  out  to  increase  the 
specificity  of  immunochemical  assay  systems  for  species 
identification  by  using  isolated  component  proteins  as 
antigens  to  develop  species-specific  McAbs  for  fast  screening 
of  seafood  species.  The  rock  shrimp  ( Sicyonia  brevirostris) 
was  used  as  a  model  in  order  to  determine  the  feasibility  of 
this  approach. 

Materials  and  Methods 
Preparation  of  Water-soluble  Proteins 

Water-soluble  proteins  were  extracted  from  seafood  and 
meat   sources   as  previously  reported    (An  et  al.,    1988)  and 
analyzed  for  protein  content  (Lowry  et  al.,  1951). 
Purification  of  Protein  "C" 

Rock  shrimp  protein  bands  with  MW  of  17.7  and  18.5  kD, 
referred  to  as  protein  "C",  were  shown  in  a  report  (An  et  al., 
1988)  to  be  specific  for  rock  shrimp  when  compared  with  pink 
or  white  shrimp  using  sodium  dodecyl  sulf ate-polyacrylamide 
gel  electrophoresis  (SDS-PAGE) .  Protein  "C"  was  eluted  from 
the  12%  SDS-PAGE  slab  gels  of  the  water  extract  of  rock  shrimp 
proteins.    The  gels  were  homogenized  in  water  for  1  min  using 
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a  Polytron  (Brinkmann  Instruments,  Westbury,  NY)  ,  and  the 
mixtures  centrifuged  at  2000  x  g  for  20  min  at  room 
temperature  using  a  bench-top  IEC  clinical  centrifuge 
(International  Equipment  Co.)-  Eluted  proteins  in  the 
supernatant  were  pooled  and  dialyzed  overnight  at  4°C  in  a 
membrane  tubing  (molecular  weight  cutoff  of  6-8  kD,  Spectrum 
Medical  Industries,  Inc.,  Los  Angeles,  CA)  against  an  excess 
amount  (about  100X  in  volume)  of  phosphate  buffered  saline 
(PBS,  pH  7.4)  containing  1.4  M  NaCl ,  0.1  M  Na2HP04  and  0.3  M 
KH2P04,  with  constant  stirring  to  remove  residual  SDS.  The 
dialyzed  protein  "C"  was  checked  for  protein  content  and 
purity  using  SDS-PAGE  following  previously  described 
procedures   (An  et  al.,  1988). 

Two-dimensional  Gel  Electrophoresis  of  Rock  Shrimp  Water 
Extract 

First  and  second  dimensional  gels  of  urea  IEF  and  SDS- 
PAGE,  respectively,  were  prepared  and  electrophoresed  as 
previously  described  in  the  "Materials  and  Methods"  section 
of  the  chapters  III  and  IV  with  a  slight  modifications.  The 
first  dimensional  electrophoresis  was  done  with  a  tube  gel 
(11.5  cm  x  1.7  mm)  .  Rock  shrimp  protein  extract  at  150  jug  was 
applied,  and  the  gel  was  focused  in  the  Pharmacia 
Electrophoresis  Apparatus  GE-4II  unit.  After  the  focused  gel 
was  taken  out  of  the  tubes,  equilibrated  in  the  Tris-HCl 
buffer  (pH  6.8)  for  1  hr,  the  gel  was  placed  on  the  top  of  the 
SDS-PAGE  slab  gel  consisting  of  the  stacking  gel  (3%  total 
acrylamide)  and  the  separating  gel  (12%  total  acrylamide)  and 
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maintained   in  position  with  1%   agarose.      The  slab  gel  was 
electrophoresed  until  bromophenol  blue  reached  the  bottom  of 
the  gel.    The  proteins  were  stained  with  Coomassie  blue  R-250 
and  destained  as  described  in  the  chapter  III. 
Immunization 

Four  6-week-old  Balb/cBYJ  female  mice  (Jackson  Labs,  Bar 
Harbor,  ME)  were  each  immunized  with  100  nq  of  protein  "C" 
freshly  emulsified  in  RIBI's  adjuvant  (Monophosphoryl  Lipid 
A-Trehalose  Dimycolate,  RIBI  Immunochem  Research,  Inc., 
Hamilton,  MT) .  The  mixture  was  injected  subcutaneously  in 
50  /iL  aliguots  into  each  of  four  separate  ventral  sites,  as 
well  as  in  150  ^L  amounts  intraperitoneally  and  into  one 
anterior  dorsal  subcutaneous  site.  The  injection  process  was 
repeated  three  times  at  two-week  intervals  and  the  titer  of 
the  serum  against  protein  "C"  was  determined  by  ELISA,  as 
described  below,  one  week  after  the  second  and  third  booster 
injections.  A  final  boost  was  given  26  days  after  the  third 
booster  and  four  days  prior  to  the  fusion. 
Development  of  Monoclonal  Anti-protein  "C"  Antibodies 

Monoclonal  antibodies  against  protein  "C"  were  produced 
using  previously  established  protocols  of  Kao  and  Klein 
(1986) .  Spleen  cells  harvested  from  immunized  mice  were  fused 
with  SP2/0  myeloma  cells  at  a  ratio  of  7.5:1  (spleen  cells: 
myeloma  cells)  using  50%  polyethylene  glycol  1540.  The  fused 
cells  were  suspended  in  hypoxanthine-aminopterin-thymidine 
(HAT)  selective  medium  and  seeded  into  96-well  flat-bottom 
culture  plates.      Ten  to  14  days  later,   the  supernatants  of 
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growth-positive  wells,  as  checked  under  an  inverted 
microscope,  were  screened  for  reactivity  of  protein  "C"  and 
rock  shrimp  protein  extracts  by  ELISA  and  immunodot  blotting. 
Hybridomas  producing  anti-protein  "C"  antibodies  were  cloned 
by  the  limiting  dilution  method  (Zola  and  Brooks,  1982) .  McAb 
isotypes  were  determined  with  ScreenType™  (Boehringer  Mannheim 
Biochemicals,  Indianapolis,  IN)  as  described  below. 
Enzyme-linked  Immunosorbent  Assay  for  Protein  "C" 

A  96-well  Nunc  immunoplate  (Denmark)  was  coated  overnight 
at  4°C  with  100  /iL  of  5  nq/vxL  protein  "C"  or  water  protein 
extracts  in  PBS  containing  0.02%  azide,  pH  7.4  (PBS-az) .  The 
plate  was  washed  three  times  with  PBS  containing  0.5%  Tween-20 
and  0.02%  azide  (PBS-Tw) .  The  unbound  sites  were  then  blocked 
with  1%  bovine  serum  albumin  (BSA)  in  PBS  for  1  hr  at  4°C  and 
incubated  at  room  temperature  for  1  hr  with  supernatants  of 
hybridoma  cultures  or  purified  McAb,  followed  by  plate  washing 
three  times  with  PBS-Tw.  The  plates  were  subsequently 
incubated  for  1  hr  with  the  rabbit  anti-mouse  IgG  conjugated 
with  alkaline  phosphatase  (Sigma  Chem.  Co.,  St.  Louis,  MO), 
followed  by  plate  washing  with  PBS-Tw.  Positive  reactivity 
was  detected  by  color  development  after  the  addition  of  the 
substrate,  p-nitrophenylphosphate  (Sigma)  and  incubation  of 
the  plate  for  45  min  in  the  dark.  Absorbance  was  read  at  405 
nm  using  an  ELISA  reader  (Molecular  Devices,  Palo  Alto,  CA) . 
Immunodot  Blotting 

Protein    extracts,     20    nq    in    20    /iL ,    were    dotted  on 
nitrocellulose  membrane  paper  (BA85,  Schleicher  and  Schuell, 
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Keene,  NH)  assembled  in  a  Minifold  I  dot  blot  apparatus  with 
incubation  plate  (Schleicher  and  Schuell)  and  incubated  for 
1  hr.  Unbound  sites  on  the  membrane  paper  were  blocked  by 
incubating  the  paper  in  a  PBS-az  containing  5%  nonfat  milk 
for  1  hr.  Following  that,  the  membrane  was  incubated  in  the 
purified  McAb  (100  nq/mL)  in  1%  BSA  in  PBS-az  for  30  min. 
After  rinsing  for  5  min  in  PBS-az  containing  0.2%  Tween-20 
(PBS-T)  and  incubating  with  1  /ug/mL  rabbit  anti-mouse  IgG 
conjugated  with  alkaline  phosphatase  for  30  min,  the  membrane 
was  washed  again  in  PBS-T  and  incubated  in  0.1  mg/mL  nitroblue 
tetrazolium  and  0.05  mg/mL  5-bromo-4-chloro-3-indolyl 
phosphate  in  0.1  M  Tris  buffer  containing  1  mM  MgCl2  (pH  8.8) 
until  color  development.  Positive  samples  containing  protein 
"C"  or  rock  shrimp  were  identified  by  the  development  of  a 
blue  color  at  the  site  of  antigen  immobilization. 
Western  Blotting 

Crude  protein  extracts  of  pink,  white,  and  rock  shrimp 
were  electrophoresed  on  12%  SDS-PAGE  gels  (An  et  al . ,  1988) 
and  blotted  onto  Immobilon  membrane  paper  (Millipore  Corp., 
Bedford,  MA)  at  4°C  using  a  Trans-Blot  device  (Bio  Rad, 
Richmond,  CA)  at  50  mA  for  2  hours.  The  proteins  transferred 
onto  the  membrane  could  be  visualized  by  the  same  techniques 
which  were  used  for  immunodot  blotting  with  only  slight 
modifications  as  follows.  The  membrane  paper  was  blocked  in 
the  5%  nonfat  milk  in  PBS-az  for  2  hr,  followed  by  2  and  1  hr 
incubations,  respectively,  in  solutions  containing  the 
purified  McAb  and  the  alkaline  phosphatase  conjugate. 
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Isotyping  of  Antibodies 

Antibody  isotypes  were  determined  using  the  Screen 
Type™-Enzyme  Immunoassay  Kit  for  Screening/Isotyping  of  Murine 
Monoclonal  Antibodies  (Boehringer  Mannheim  Biochemicals, 
Indianapolis,  IN) .  ELISA  plates  coated  overnight  at  4°C  with 
protein  "C"  from  rock  shrimp  were  blocked  with  1%  BSA  in  PBS 
for  1  hr  at  room  temperature.  Culture  supernatants  to  be 
determined  for  isotyping  were  added  to  individual  sets  of 
wells  and  incubated  for  30  min  at  37°C.  To  different  sets  of 
primary  antibody-coated  wells,  class-  or  isotype-specif ic  goat 
antibodies  (anti-mouse  IgG., ,  anti-mouse  IgG2a,  anti-mouse  IgG2b, 
anti-mouse  IgG3,  anti-mouse  IgM,  anti-mouse  kappa,  anti-mouse 
lambda)  were  added  and  incubated  for  30  min  at  37°C. 
Following  the  addition  of  peroxidase-conjugated  swine 
anti-goat  IgG  to  each  well  and  the  plates  incubated  for  30  min 
at  37°C,  both  ABTSR  chromogen  and  the  substrate  were  added. 
The  plates  were  incubated  at  room  temperature  until  a  yellow 
color  was  developed.  The  absorbance  of  each  well  was  read  at 
405  nm  using  an  ELISA  reader.  The  class  or  isotype  of  each 
McAb  was  determined  from  the  wells  that  had  absorbance  values 
at  least  2-3  times  as  high  as  those  of  negative  controls. 
Production  of  Ascites 

Three  to  four  male  Balb/cBYJ  mice  were  primed  by 
intraperitoneal  (i.p.)  injection  of  0.5  mL  of  pristane 
(2  ,  6, 10, 14-tetramethylpentadecane,  Sigma)  one  week  prior  to 
the  i.p.  injection  of  4.7-5.0xl06  cloned  hybridoma  cells  in 
0.5    mL    of    PBS.       Ascites    was    collected    by    tapping  the 
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peritoneal  cavity  using  a  20  gauge  needle.  The  collection 
process  started  one  week  to  ten  days  after  injection  of 
hybridoma  cells  and  was  repeated  every  few  days  until  the 
animals  died.  The  pooled  ascites  fluid  was  centrifuged  at 
2000  rpm  for  15  min  to  remove  the  cells.  The  supernatant  was 
frozen  and  stored  until  needed. 
Purification  of  Monoclonal  Antibodies 

Monoclonal  antibody  ( IgG1  class)  was  purified  from  mouse 
ascites  fluid  by  affinity  chromatography  using  protein-A 
Sepharose  4B  (Sigma)  according  to  the  methods  of  Ey  et  al. 
(1978)  with  some  modifications  as  described  below.  Frozen 
ascites  fluid  was  thawed  and  centrifuged  at  room  temperature 
at  8,000  rpm  in  a  microcentrifuge  for  5  min.  The  supernatants 
were  collected  and  diluted  ten-fold  with  a  buffer  containing 
1.65  M  glycine  and  3.3  M  NaCl  at  pH  8.9,  and  filtered  through 
a  0.45  jim  filter  (Gelman  Sci.,  Inc.,  Ann  Arbor,  MI).  The 
filtered  ascites  was  loaded  on  a  protein-A  Sepharose  column 
pre-equilibrated  with  a  binding  buffer  (1.5  M  glycine  and  3  M 
NaCl  at  pH  8.9).  The  column  was  washed  with  the  binding 
buffer  to  remove  unbound  proteins,  and  then  the  IgG^McAb  was 
eluted  with  100  mM  citric  acid  at  pH  6.0  and  collected  in 
fractions  of  approximately  1.0  mL  each.  The  absorbance  of  the 
fractions  was  measured  at  280  nm,  and  the  fractions  containing 
the  McAb  were  pooled  together.  The  column  was  regenerated  by 
eluting  all  proteins  remaining  bound  with  100  mM  citric  acid 
at  pH  3.0.    The  purified  McAb  showed  two  distinct  bands  (light 
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and  heavy  chains)  by  SDS-PAGE  on  the  12%  polyacrylamide  gels 
in  the  presence  of  B-mercapthoethanol . 

Pretreatment  of  antigens.  Crude  water  extracts  of  rock, 
pink,  and  white  shrimp  were  divided  into  native  and 
heat-treated  groups.  For  the  heat-treated  group,  the  water 
extract  was  boiled  for  5  min  in  water  and  centrifuged  at 
8,000  rpm  for  5  min  to  remove  protein  aggregates.  Both  the 
native  and  heat-treated  groups  were  analyzed  for  protein 
content  using  the  Lowry  method,  diluted  to  5  /ng/mL,  and  then 
added  with  or  without  SDS  (final  concentration  of  SDS,  0.1%, 
w/v) .  The  samples  were  each  reacted  with  McAb  (4H2-10D3)  at 
100  /^g/mL  on  ELISA  and  immunodot  blot  to  determine  if  such 
treatments  would  increase  the  reactivity  of  rock  shrimp 
proteins  with  this  McAb. 

Optimization  of  McAb  and  Antigen  Concentrations  for  ELISA 

Antibody     concentration.  Concentrations      of  McAb 

(4H2-10D3)  at  200,  100,  50,  10,  5,  1,  0.5  nq  protein/mL  were 
tested  by  ELISA  to  determine  the  optimal  concentration  needed 
to  achieve  highly  specific  reactivity  for  rock  shrimp 
proteins.  Only  the  heat-treated  and  diluted  water  extracts 
of  rock,  pink  or  white  shrimp  at  5  fig  protein/mL  were  used  to 
coat  the  ELISA  plates. 

Antigen  concentration.  The  heat-treated  and  processed 
water  extracts  of  pink,  white  and  rock  shrimp  at  500,  100, 
50,  10,  5,  1,  or  0.5  /ig  protein/mL  were  coated  in  a  volume  of 
0.1  mL  in  each  well  of  the  ELISA  plate.  4H2-10D3  McAb  at  100 
or  50  Mg  protein/mL  was  tested  on  these  plates  to  determine 
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the  optimal  concentration  of  antigen  needed  for  maximum 
reactivity  in  the  ELISA  assay. 

Blind  Study  to  Detect  and  Quant itate  Rock  Shrimp 

Blind  studies  were  carried  out  to  confirm  the  specificity 
of  the  4H2-10D3  McAb  for  rock  shrimp  and  to  determine  the 
ability  of  the  ELISA  assay  to  detect  rock  shrimp  present  in 
a  panel  of  food  samples. 

Blind  study  I.  A  single  blind  test  using  ELISA  was 
employed  to  determine  the  specificity  of  the  4H2-10D3  McAb 
for  rock  shrimp  protein.  The  reactivity  of  rock  shrimp  was 
tested  along  with  23  other  species  of  seafoods  including 
oyster,  scallop,  lobster,  clam,  fishes  and  shrimp  obtained 
from  various  locations,  and  meats  including  chicken,  pork  and 
beef.  Water-soluble  proteins  of  these  diverse  food  samples 
were  extracted  following  the  same  procedures  used  to  extract 
rock  shrimp  proteins  (An  et  al.,  1988).  The  extracts  were 
heat-treated  for  5  min  in  boiling  water  followed  by 
centrifugation  at  8,000  rpm  for  5  min.  After  the  protein 
content  of  each  extract  was  determined  by  the  Lowry  method, 
the  protein  concentration  of  each  sample  was  adjusted  to  10 
Mg/mL  and  a  100  /iL  aliquot  was  analyzed  by  ELISA.  Experiments 
were  performed  in  two  replications. 

Blind  study  II.  The  sensitivity  of  the  McAb  in  detecting 
rock  shrimp  in  sample  mixtures  containing  seafood  and  meat 
samples  was  conducted  in  a  double-blind  study  using  the  ELISA 
test.  The  water  extracts  of  the  26  seafood  and  meat  samples, 
after  heat  treatment  and  centrifugation,  were  each  adjusted 
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to  a  protein  content  of  500  nq/mL.  They  were  combined 
randomly  with  each  other  or  with  PBS  in  various  ratios  unknown 
to  the  author  to  yield  24  sample  mixtures  (Table  4)  .  The 
sample  mixtures  were  diluted  to  10  protein/mL,  and  aliquots 
of  100  mL  of  each  mixture  were  analyzed  by  ELISA  with 
100  Mg/mL  McAb.     This  experiment  was  repeated  once. 

Those  mixtures  that  were  shown  from  the  ELISA  test  to 
contain  rock  shrimp,  (determined  after  revealing  the  blind 
listing  of  the  sample  mixtures) ,  were  then  serially  diluted 
with  PBS  (1:5,  v/v)  to  5"7  of  the  original  protein  content. 
Each  of  the  serially  diluted  samples  was  then  subjected  to 
the  above  mentioned  ELISA  test  to  determine  the  lowest  amount 
of  rock  shrimp  protein  that  could  be  detected  using  the  McAb. 
The  most  diluted  samples  which  gave  O.D.  values  greater  than 
0.2  were  marked.  The  experiment  was  repeated  once.  The  rock 
shrimp  protein  content  of  these  diluted  samples  were 
calculated  using  the  following  equation  (refer  to  Table  9) : 

Rock  shrimp  content  (ng)  = 

(Protein  content,  ng)  x  (Rock  shrimp  percentage)  x 
(Dilution  factor) 

Results  and  Discussion 
SDS-PAGE  Banding  Patterns  of  Various  Seafood  and  Meat  Samples 

Seafood  species  and  meat  samples  each  showed  a  distinct 
SDS-PAGE  protein  pattern  useful  for  species  identification 
(Fig.  22) .  The  protein  profile  of  rock  shrimp  was 
significantly  different  from  those  of  the  other  seafoods  and 
meats   including   clams,    oysters,    sea   scallops,    fish,  beef, 
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Table  4.  Composition  of  various  unknown  mixture  samples  used 
in  Blind  Study  II. 


Percent  composition  (v/v)  of 

Sample  No.  various  seafood  and  meat  protein  extracts 

Zl  50%  TR  +  50%  SS 

Z2  50%  S2  +  50%  B 

Z3  50%  S  +  50%  F 

Z4  50%  R2  +  50%  PBS 

Z5  50%  Rl  +  50%  PBS 

Z6  50%  S7  +  50%  S9 

Z7  50%  0  +  50%  TU 

Z8  50%  S10  +  50%  LI 

Z9  50%  S5  +  50%  C 

Z10  50%  G  +  50%  P 

Zll  50%  S3  +  50%  L2 

Z12  50%  S8  +  50%  S4 

Z13  50%  R3  +  50%  PBS 

Z14  33%  CH  +  33%  SI  +  33%  S6 

Z15  33%  R2  +  33%  O  +  33%  SS 

Z16  33%  R2  +  33%  C  +  33%  S10 

Z17  33%  R3  +  33%  S4  +  33%  SI 

Z18  33%  R3  +  33%  CH  +  33%  L2 

Z19  33%  Rl  +  33%  S10  +  33%  LI 

Z20  17%  Rl  +  17%  R2  +  17%  R3  +  33%  G  +  17%  PBS 

Z21  17%  TR  +  17%  SS  +  17%  S2  +  17%  B  +  33%  R2 

Z22  17%  TR  +  17%  S  +  17%  F  +  17%  Rl 

+17%  S7  +  17%  S9 

Z23  17%  O  +  17%  SS  +  17%  C  +  17%  S10  +  33%  R2 

Z24  29%  Rl  +  14%  S5  +  29%  P  +  29%  PBS 


Abbreviations  designate:  Rl,  rock  shrimp  from  Port  Canavarel, 
FL;  R2,  rock  shrimp  from  Cedar  Key,  FL  (February);  R3 ,  rock 
shrimp  from  Cear  Key,  FL  (December)  ;  SI,  white  shrimp  from 
Ecuador;  S2,  Argentine-red  shrimp  from  Argentine;  S3,  Blue 
shrimp  from  Ecuador;  S4,  pink  shrimp  from  Tampa,  FL;  S5,  white 
shrimp  from  Peru;  S6,  brown  shrimp  from  North  Carolina;  S7, 
white  shrimp  from  Columbia;  S8,  white  shrimp  from  Georgia; 
S9,  white  shrimp  from  Honduras;  S10,  blue  shrimp  from 
Honduras;  LI,  lobster  from  Australia;  L2 ,  lobster  from 
Florida;  C,  clam;  O,  oyster;  SS,  sea  scallop;  TR,  trout;  S, 
salmon;  F,  flounder;  TU,  tuna;  G,  grouper;  B,  beef;  P,  pork; 
CH,  chicken. 
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Figure  22.  SDS-PAGE  profiles  of  water-soluble  proteins  from 
various  seafood  and  meat   (cathode  on  top) .  The 
arrow  designates  protein  "C" .     R,  rock  shrimp 
from  Cear  Key,  FL;  C,  clam;  O,  oyster;  SS,  sea 
scallop;  TR,  trout;  S,  salmon;  F,   flounder;  TU, 
tuna;  G,  grouper;  B,  beef;  P,  pork;  CH,  chicken; 
std,  low  molecular  weight  protein  standards  with 
the  individual  molecular  weight  marked  on  the 
side. 
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pork,  and  chicken.  The  most  significant  variations  of  the 
profiles  among  the  samples  occurred  in  the  lower  one-third 
section  of  the  gel  (in  the  anodic  region)  .  Protein  bands 
(with  MW  <25  kD)  shown  in  this  section  were  unique  for  each 
sample  in  terms  of  the  number  of  bands  and  their  molecular 
weights  (as  estimated  by  the  relative  migration,  Rf)  .  The  two 
major  bands  unique  for  rock  shrimp  found  in  this  section  were 
referred  to  protein  "C" . 

The  protein  profiles  of  various  shrimp  samples  and 
lobsters  from  various  parts  of  the  world  were  also  compared 
with  those  of  rock  shrimp  (Fig.  23) .  In  general,  the  profiles 
for  pink,  white,  blue  and  brown  shrimp  were  relatively 
similar.  An  et  al.  (1988)  also  reported  that  the  SDS-PAGE 
protein  profiles  of  the  water  extracts  of  pink  and  white 
shrimp  were  very  similar.  The  protein  pattern  of  lobster  was 
different  from  that  of  rock  shrimp  as  well  as  those  of  the 
other  10  shrimp  samples.  The  movement  of  the  two  major  bands 
found  in  the  lower  one-third  section  of  the  gel  for  the  10 
different  pink,  white,  blue  and  brown  shrimp  samples  were 
almost  identical.  When  compared  to  rock  shrimp  protein  "C", 
these  two  bands  had  slightly  lower  Rf  values  and  thus  higher 
molecular  weights. 

The  protein  "C"  of  rock  shrimp  was  found  to  consist  of 
more  than  two  proteins  as  analyzed  by  two-dimensional  gel 
electrophoresis  (Fig.  24).  It  comprised  19.7%  of  the  total 
water-soluble  proteins  as  estimated  from  the  intensity  of  the 
protein  bands  shown  on  the  densitogram  (Fig.  25  and  Table  5). 
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14  kD 


R1  R2  S1  S2  S3  S4  S5  S6  S7  S8  S9  S10  L1  L2  std 


Figure  23.  SDS-PAGE  profiles  of  water-soluble  proteins  from 
various  shrimp  and  lobsters  (cathode  on  top) .  Rl, 
rock  shrimp  from  Port  Canavarel,  FL;  R2,  rock 
shrimp  from  Cedar  Key,  FL;  SI,  white  shrimp  from 
Ecuador;  S2,  Argentine-red  shrimp  from  Argentine; 
S3,  blue  shrimp  from  Ecuador;  S4,  pink  shrimp  from 
Tampa,  FL;  S5,  white  shrimp  from  Peru;  S6,  brown 
shrimp  from  North  Carolina;  S7,  white  shrimp  from 
Columbia;  S8,  white  shrimp  from  Georgia;  S9,  white 
shrimp  from  Honduras;  S10,  blue  shrimp  from 
Honduras;  LI,  lobster  from  Australia;  L2,  lobster 
from  Florida;  std,  low  molecular  weight  protein 
standards  with  the  individual  molecular  weight 
marked  on  the  side.     Rock  shrimp  protein  "C"  also 
marked  with  an  arrow. 
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Figure  24.  Two  dimensional  gel  electrophoresis  pattern  of  rock 
shrimp  extracted  with  water.  Protein  "C"  is  marked 
with  an  arrow. 
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Table  5.  The  relative  mobility  and  percent  area  of  the 

various  rock  shrimp  protein  bands  on  the  SDS-PAGE 
gel  as  determined  by  a  gel  scanner. 


FeaK  no. 

Dal  of  iiTfl    mnVn  1  l  4*\7      f  "D  \ 
Kelatlve    fflODlllUV     I  t\f  ) 

2-  Irpa 

1 
1 

4  15 

Z. 

n  no 

3  . 18 

-5 

U  .  X'i 

O  •  J  / 

4 

0. 18 

5.73 

5 

0.21 

2.81 

6 

0.25 

2.25 

7 

0.28 

1.46 

8 

0.31 

3.45 

9 

0.34 

1.86 

10 

0.37 

2.16 

11 

0.42 

18.09 

12 

0.44 

9.13 

13 

0.52 

2.52 

14 

0.57 

1.84 

15 

0.  69 

3.94 

16 

0.78 

19.73 

17 

0.82 

2.35 

18 

0.86 

2.29 

19 

0.91 

2.06 

20 

0.95 

1.36 

21 

0.99 

1.12 
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Protein  "C"  was  isolated  and  eluted  from  the  SDS-PAGE  gel  and 
used  as  a  rock  shrimp-specific  antigen  for  immunization 
(Fig.  26) . 

Screening  of  Monoclonal  Antibodies 

Hybridoma  cells  derived  from  the  fusion  of  antibody 
producing  lymphocytes  with  myeloma  cells  were  screened  for 
their  reactivity  with  protein  "C"  and  rock  shrimp  extract. 
Out  of  the  400  wells  seeded  after  the  fusion,  330  were  found 
to  be  hybridoma  growth-positive.  On  initial  screen  by  ELISA 
for  reactivity  with  protein  "C",  33  cell  cultures  were  found 
to  be  protein  "C"-positive  (with  O.D.  reading  >  0.4).  They 
were  transferred  to  and  grown  in  24-well  tissue  culture  plates 
and  the  culture  supernatants  tested  for  rock  shrimp 
specificity  using  pink  and  white  shrimp  extracts  as  negative 
controls.  Eight  of  these  3  3  original  cultures  were  shown  by 
ELISA  to  have  3  to  10  times  higher  reactivity  for  rock  shrimp 
than  for  pink  or  white  shrimp  (Table  6)  .  A  few  negative 
cultures  were  found  among  the  protein  "C"-positive  cultures 
that  showed  a  high  reactivity  for  pink  or  white  shrimp  but 
only  negligible  reactivity  for  rock  shrimp.  These  negative 
cultures  were  not  studied  any  further. 

The  reactivity  of  the  antibody  produced  by  these  eight 
cultures  was  further  tested  by  immunodot  blot;  all  of  them 
failed  to  react  with  the  water  extracts  of  pink  and  white 
shrimp  (Fig.  27) .  The  reaction  with  the  rock  shrimp  extract 
only  produced  a  very  faint  blue  color.  However,  three 
cultures,  2E8,  4H1  and  4H2,  showed  positive  reactions  for  rock 
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Figure  26.  SDS-PAGE  patterns  of  the  eluted  rock  shrimp 
protein  "C"  and  MW  standard  proteins. 
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Table  6.  Screening  of  hybridoma  master  cultures  by  ELISA  for 
reactivity  with  protein  "C"  and  various  shrimp 
extracts. 


Optical  density  reading  at  405  nma 
Crude  shrimp  extracts 


Master  culture  ID 

Protein  "C" 

Pink 

White 

Rock 

4C7 

0.475 

0.086 

0.142 

0.400 

2C11 

1.573 

0.099 

0.136 

0.161 

4H1 

1.988 

0.065 

0.059 

0. 101 

2H3 

0.670 

0. 103 

0. 144 

0.207 

1D3 

0.723 

0.  095 

0.126 

0.150 

2E8 

1.374 

0.120 

0.093 

0.306 

1E1 

0.427 

0.065 

0.059 

0. 101 

4H2 

1.  001 

0.176 

0. 158 

1.456 

Mouse  IgG  at  5  nq/mL  and  1%  BSA  were  used  respectively  as 
positive  and  negative  controls  whose  respective  O.D. 
readings  were  >3.0  and  0.061. 

Crude  shrimp  extracts  were  prepared  according  to  the 
method  described  by  An  et  al.    (1988)  and  tested  at 
5  nq/mL  by  ELISA.     Pink  and  white  shrimp  extracts  were 
served  as  negative  controls. 


117 


a)  o 


c 

U)  o 

ou 

Q_ 


0 


CO 

c/) 

LJ 

LJ 

LJ 

CO 

CO 

CO 

KP 

6\ 

K° 

O 

m 

• 

• 

• 

O 

0) 

J* 

J* 

«  — 

o 

o 

o 

o 

o 

o 

o 

o 

5 

a: 

a: 

a: 

c 

G£)  €)  ;(  Jfi  4C7 

-     •  4H1 
2C11 

2H3 
1D3 
•  2E8 
1E1 


Figure  27.  Screening  of  the  uncloned  hybridoma  cultures  by 
immunodot  blotting  for  reactivity  with  rock 
shrimp  extracts  added  with  SDS.     Pink  and  white 
shrimp  were  used  as  negative  controls,  while 
mouse  IgG  was  used  as  positive  control. 
Culture  4H2  which  showed  similar  results  as  4H1 
and  2E8  was  not  included  in  this  picture. 
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shrimp  extracts  containing  0.1,  0.5  or  1.0%  SDS  (w/v,  final 
concentration) .  The  reactivity  was  the  highest  with  the  rock 
shrimp  extract  containing  0.1%  SDS  as  determined  by  color 
development,  and  followed  by  those  with  0.5  and  1.0%  SDS 
(Fig.  27).  Dimitriadis  (1979)  has  previously  demonstrated 
that  SDS,  at  concentrations  greater  than  0.2%,  inhibits 
antigen-antibody  reactions  to  a  significant  degree  in 
immunodiffusion  and  immunoprecipitation  tests. 

The  binding  of  proteins  to  nitrocellulose  membrane  is 
affected  by  several  factors,  such  as  pH,  molecular  charge, 
and  the  presence  of  competing  substances  for  binding  (Wallis 
et  al.,  1979).  A  high  concentration  of  SDS  is  believed  to 
reduce  the  ionic  interaction  of  proteins  to  anionic 
nitrocellulose  membrane  by  contributing  negative  charges  to 
the  protein  molecules.  Thus,  fewer  protein  molecules  are 
bound  to  the  nitrocellulose  membrane  for  reaction  with  the 
antibody.  SDS  at  a  higher  concentration  also  inhibits 
antigen-antibody  reactions  by  denaturing  the  protein  molecules 
(Dimitriadis,  1979).  The  presence  of  only  0.1%  SDS  in  rock 
shrimp  extract,  however,  may  cause  slight  denaturing  changes 
in  protein  "C"  configuration  for  enhanced  reactivity  with  the 
antibodies  produced  by  these  three  cultures.  Based  on  the 
results  of  the  ELISA  and  immunodot  blot  tests,  the  three 
cultures,  2E8,   4H1,  and  4H2,  were  chosen  for  cloning. 

Only  the  clones  containing  a  single  colony,  as  observed 
under  an  inverted  microscope,  were  screened  for  reactivity 
with   rock   shrimp  extract   and  protein   "C"   using   ELISA  and 
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immunodot  blot  tests  (Fig.  28  and  Table  7)  .  Only  the 
immunodot  blot  test  results  of  the  clones  derived  from  the  4H2 
culture  were  shown  in  Fig.  28.  The  clones  only  showed  high 
reactivity  with  rock  shrimp  extract  containing  0.1%  SDS.  No 
reactivity  occurred  with  the  pink  or  white  shrimp  extracts. 

The  ELISA  test  results  indicated  that  except  for 
4H2-11G5,  all  clones  derived  from  2E8,  4H1  and  4H2  cultures 
showed  high  reactivity  with  protein  "C"  (O.D.  readings: 
0.41-2.0,  Table  7).  However,  the  reactivity  of  the 
supernatants  from  these  clones  with  rock  shrimp  water  extracts 
was  inconsistent.  For  examples,  the  4H2-10D3  clone  had  an 
O.D.  reading  of  0.907;  whereas,  the  2E8-1F5  only  had  a  reading 
of  0.166  (Table  7).  Some  clones,  such  as  4H1-9G6  and 
4H2-11G5,  were  found  to  have  a  higher  O.D.  reading  for  pink 
and  white  shrimp  extract,  respectively,  than  for  rock  shrimp. 
These  two  clones  may  still  contain  a  mixture  of  hyridoma  cells 
capable  of  secreting  immunoglobulin  with  different 
specificities  as  indicated  by  Goding  (1983). 

The  results  also  showed  that  most  clones,  especially 
those  derived  from  the  4H1  and  2E8  cultures,  had  much  higher 
O.D.  readings  for  protein  "C"  than  for  rock  shrimp  extract. 
For  example,  the  4H1-8D9  clone  had  a  reading  of  2.040  for 
protein  "C"  but  only  0.385  for  rock  shrimp  extract  (Table  7). 
Since  protein  "C"  was  used  to  immunize  the  mice,  the  McAbs 
produced  this  way  would  be  expected  to  have  a  higher 
reactivity  for  protein  "C"  than  for  rock  shrimp  extract.  Heat 
treatment  can  cause  protein  denaturation  and  exposure  of  some 
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Figure  28.   Screening  of  the  monoclones  derived  from  the  4H2 
master  culture  by  immunodot  blotting  for 
reactivity  with  shrimp  extracts  containing  0.1% 
SDS.     Mouse  IgG  and  BSA  were  used  as  positive  and 
negative  controls,  respectively. 
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Table  7.  Screening  of  cloned  hybridoma  cultures  by  ELISA  for 
reactivity  with  protein  "C"  and  various  shrimp 
extracts . 


Optical  density  reading  bv  ELISA3 


Crude 

shrimp  extracts0 

Master  culture  ID 

Protein  "C" 

Pink 

White 

Rock 

2E8-1E6 

0.461 

0.125 

0. 152 

0.229 

2E8-1F5 

0  .  552 

U  .  X4  U 

0. 140 

0.166 

2E8-1F11 

0.535 

0.136 

0.152 

0.234 

2E8-1G4 

0.501 

0.131 

0. 149 

0.217 

2E8-2B8 

0.518 

0. 186 

0. 188 

0.333 

2E8-2B10 

0.579 

0.134 

0. 147 

0.438 

2E8-2C7 

0.528 

0.133 

0. 145 

0.224 

2E8-2C8 

0.447 

0.170 

0. 190 

0.  311 

2E8-2G12 

0.405 

0. 186 

0 . 199 

0.300 

2E8-2H6 

0.549 

0.132 

0. 145 

0.228 

2E8-2H11 

0.  522 

0.126 

0. 142 

0.234 

2E8-3B8 

0.452 

0.118 

0. 125 

0.197 

2E8-3C11 

0.509 

0.138 

0. 140 

0.225 

4H1-7B5 

1.813 

0.174 

0.279 

0.404 

4H1-7D6 

1.819 

0.119 

0. 155 

0.351 

4H1-8A5 

1.868 

0. 110 

0 . 125 

0.463 

1  on 

U  .  -L  Ji  Z 

0.209 

0.364 

4H1-8D3 

2.026 

0. 144 

0.211 

0.  377 

4H1-8D9 

2.040 

0.169 

0.247 

0.385 

4H1-8E10 

1.744 

0.114 

0.140 

0.308 

4H1-8F11 

1.816 

0. 128 

0.156 

0.365 

4H1-9A1 

1.722 

0. 106 

0. 122 

0.251 

4H1-9D1 

1.929 

0.116 

0.119 

0.248 

4H1-9D1 

1.839 

0.118 

0 . 148 

0.  379 

4H1-9E12 

2.057 

0.085 

0.097 

0.210 

4H1-9F1 

2.003 

0.092 

0.094 

0.216 

4H1-9G6 

1.844 

0.410 

0. 106 

0.235 

4H1-9G7 

1.790 

0.  084 

0.106 

0.246 

4H2-10A4 

0.527 

0.085 

0.095 

0.371 

4H2-10A10 

0.845 

0.089 

0. 105 

0.832 

4H2-10C11 

0.  680 

0.096 

0.100 

0.812 

4H2-10D3 

0.706 

0.095 

0.110 

0.907 

4H2-10F4 

0.899 

0.090 

0. 100 

0.249 

4H2-11A2 

0.845 

0.  087 

0.256 

0.405 

4H2-11A6 

0.993 

0.085 

0.091 

0.575 

4H2-11C10 

0.744 

0.  084 

0.433 

0.786 
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Table  7.  (Continued) 


Optical  density  reading  by  ELISA8 
Crude  shrimp  extracts 


Master  culture  ID 

Protein  "C" 

Pink 

White 

Rock 

4H2-11G5 

0.068 

0.078 

0.336 

0.191 

4H2-11G9 

0.573 

0.083 

0.  094 

0.500 

4H2-11H7 

0.627 

0.079 

0.105 

0.595 

4H2-12B12 

0.527 

0.099 

0. 106 

0.965 

4H2-12E8 

0.571 

0.099 

0. 100 

0.356 

a   Mouse  IgG  at  5  /ig/mL  and  1%  BSA  were  used  respectively  as 

positive  and  negative  controls  whose  respective  O.D. 

readings  were  >3.0  and  0.061, 
b   The  shrimp  extracts  were  prepared  according  to  the 

method  described  by  An  et  al.   (1988)  and  tested  at 

5  nq/mL  by  ELISA. 
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antigenic  sites  that  may  not  be  evident  when  the  protein  is 
in  its  native  form  (Foegeding,  1988)  .  Thus,  McAb  specific  for 
heat-induced  structure  may  not  react  as  well  with  the  protein 
molecule  in  its  native  state  (Benjamin  et  al.,  1984).  The 
presence  of  more  antigenic  determinants  on  protein  "C"  than 
in  rock  shrimp  extracts,  as  well  as  the  interference  by  the 
other  antigenically  related  proteins  in  the  water  extract  may 
also  account  for  the  higher  reactivity  of  the  McAb  with 
protein  "C"  than  with  crude  rock  shrimp  extract. 

Although  several  positive  clones  were  selected  from  each 
of  the  three  cultures,  only  one  clone  from  each  culture 
showing  the  highest  reactivity  for  rock  shrimp  extract 
(2E8-2B10,  4H1-8F11  and  4H2-10D3)  was  chosen  and  propagated 
intraperitoneally  in  mice  to  produce  McAb-containing  ascites. 
The  McAbs  produced  by  these  three  clones  all  belonged  to  the 
IgG^k)  subclass  as  determined  by  the  isotyping  kit  (data  not 
shown) .  After  purification  by  affinity  chromatography,  the 
McAbs  were  assessed  again  for  reactivity  with  rock,  pink  and 
white  shrimp  extracts  by  immunodot  blot;  the  4H2-10D3  McAb 
showed  the  highest  specific  reactivity  for  rock  shrimp  extract 
(data  not  shown)  .  This  McAb  was  therefore  used  to  develop 
immunochemical  assays  to  detect  rock  shrimp. 

This  study  also  illustrates  the  importance  of  using  both 
protein  "C"  and  rock  shrimp  extract  during  the  screening 
process  to  obtain  a  desirable  hybridoma  clone  with  a  high 
specificity.  This  is  especially  important  for  the  development 
of  a  McAb   for  food  component   identification.      The  4H1-9E12 


124 


clone  which  showed  the  highest  reactivity  among  all  the  clones 
for  protein  "C"  (O.D.  reading:  2.057)  only  showed  a  weak 
reactivity  for  rock  shrimp  extract  at  0.210  (Table  7) .  On  the 
other  hand,  the  4H2-10D3  clone  which  had  a  reading  of  only 
0.706  for  protein  HC"  had  an  increased  reading  of  0.907  for 
rock  shrimp  protein  extract.  Clone  4H1-9E12  would  have  been 
selected  if  only  protein  "C"  was  used  during  the  screening 
process.  However,  the  4H2-10D3  clone  became  the  top  choice 
when  the  reactivity  of  this  McAb  with  both  protein  "C"  and 
rock  shrimp  extract  were  considered. 

The  use  of  different  screening  methods  could  affect  the 
reactivity  of  McAbs  with  a  specific  antigen.  The  4H2-12B12 
McAb  showed  the  highest  reactivity  for  rock  shrimp  extract  by 
ELISA  (O.D.:  0.965,  Table  7).  However,  the  reactivity  of  this 
McAb  with  the  same  antigen  on  immunodot  blot  was  not  as  high 
as  the  4H2-10D3  McAb  as  judged  by  the  intensity  of  the 
developed  color  (Fig.  28)  .  The  different  protein  binding 
mechanism  to  immunosorbent  materials,  such  as  microtitration 
plates  and  nitrocellulose  membranes  could  contribute  to  this 
variation.  Protein  binding  to  nitrocellulose  membranes  can 
induce  partial  denaturation  of  the  protein  due  to  ionic 
interaction  with  the  surface  negative  charge  (Towbin  and 
Gordon,  1984;  Van  Oss  et  al . ,  1987).  Thus  the  McAb  specific 
for  denatured  proteins  will  be  more  reactive  with  the 
partially  denatured  proteins  present  on  nitrocellulose 
membranes  than  with  the  same  proteins  in  native  state  bound 
on  ELISA  plates. 
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Specificity  Determination  of  4H2-10D3  McAb  bv  Western  blotting 
and  Immunodot  Blotting 

The  specificity  of  the  4H2-10D3  McAb  for  protein  "C"  and 
rock  shrimp  extract  was  further  confirmed  by  Western  blotting 
(Fig.  29)  .  The  specific  reaction  between  shrimp  protein 
components  and  antibodies  could  be  more  clearly  assessed  using 
this  method  (Burnette,  1981;  Gershoni  and  Palade,  1983).  Two 
identical  electroblots  were  produced  from  an  SDS-PAGE  gel. 
One  blot  was  stained  for  total  proteins  by  Coomassie  blue  and 
the  other  immunostained  using  the  4H2-10D3  McAb.  The 
immunostained  blot  showed  only  one  positive  area  of  reaction 
corresponding  to  the  protein  "C"  position  on  the  electroblot 
stained  with  Coomassie  blue.  This  result  suggested  that  the 
4H2-10D3  McAb  reacted  only  with  the  protein  "C"  component  of 
rock  shrimp  and  not  with  the  proteins  from  pink  or  white 
shrimp,  or  with  the  MW  protein  standards. 

Cross-reaction  of  McAbs  may  occur  with  the  unrelated 
antigens  which  share  a  structural  similarity  with  the 
immunizing  antigen  (Goding,  1983) .  To  determine  if  any 
cross-reactivity  occurred,  the  4H2-10D3  McAb  was  tested  by 
immunodot  blot  assay  against  2  3  commonly  consumed  unrelated 
species  of  seafood  and  meat  (clam,  oyster,  sea  scallops, 
chicken,  pork,  beef,  fishes,  lobsters,  10  different  shrimp 
from  various  regions)  as  well  as  the  three  rock  shrimp  from 
the  East  and  West  coasts  of  Florida  (Port  Canaveral  and  Cedar 
Key)  at  two  different  seasons,  February  and  December  (Fig.  30a 
and  b) .     The  McAb  showed  similar  reactivity  with  rock  shrimp 
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Figure  29.  Determination  of  the  specificity  of  4H2-10D3  McAb 
in  reacting  with  rock,  pink  and  white  shrimp  as 
well  as  MW  protein  standards  as  analyzed  by  the 
Western  blotting  technique.     (a)  The  SDS-PAGE 
pattern  of  pink  (P) ,  white  (W)  and  rock  (R)  shrimp 
as  well  as  the  MW  protein  standards  (std) . 

(b)  The  Coomassie  brilliant  blue-stained 
electrophoretic  blots  of  pink,  white  and  rock 
shrimp  as  well  as  the  MW  protein  standards. 

(c)  The  4H2-10D3  McAb-immunostained  electrohoretic 
blot  of  pink,  white  and  rock  shrimp  as  well  as  the 
MW  protein  standards.     Only  the  protein  "C"  of  rock 
shrimp  reacted  with  4H2-10D3  McAb  and  showed  blue 
color  on  immunostained  electrophoretic  blot. 


Figure  30.  Determination  of  the  specific  reactivity  of 

4H2-10D3  McAb  with  rock  shrimp  as  analyzed  on 
immunodot  blot  with  the  water  extracts  of  (a) 
various  shrimp  and  lobsters  as  well  as  (b)  various 
seafood  and  meat.     The  samples  used  in  test  (a) 
include  Al,  mouse  IgG;  Bl,  1%  BSA;  A2,  rock 
shrimp  from  Port  Canavarel,  FL;  A3,  rock  shrimp 
obtained  in  February  from  Cedar  Key,  FL;  A4,  white 
shrimp  from  Ecuador;  A5,  Argentine-red  shrimp  from 
Argentine;  A6,  blue  shrimp  from  Ecuador;  B2,  pink 
shrimp  from  Tampa,  FL;  B3,  white  shrimp  from  Peru; 
B4,  brown  shrimp  from  North  Carolina;  B5,  white 
shrimp  from  Columbia;  B6,  white  shrimp  from 
Georgia;  C2,  white  shrimp  from  Honduras;  C3,  blue 
shrimp  from  Honduras;  C4 ,  Lobster  from  Australia; 
C5,  Lobster  from  Florida;  C7,  rock  shrimp  obtained 
in  December  from  Cedar  Key,  FL.    The  samples  used 
in  test  (b)   include  Al,  mouse  IgG  as  positive 
control;  Bl,   1%  BSA  as  negative  control;  CI,  rock 
shrimp  from  Port  Canaveral,  FL;  Dl,  rock  shrimp 
from  Cedar  Key,  FL;  A2 ,  clam;  B2 ,  oyster;  C2,  sea 
scallop;  D2,  trout;  A3,  salmon;  B3,  flounder;  C3, 
tuna;  D3,  grouper;  A4,  beef;  B4,  pork;  C4,  chicken. 
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samples  from  different  locations  (dots  A2  and  A3  in  Fig.  30a; 
and  CI  and  Dl  in  Fig.  3  0b)  and  during  different  seasons  (dots 
A3  and  C7  in  Fig.  30a) ,  indicating  that  this  McAb  was  highly 
specific  for  rock  shrimp  regardless  of  the  harvest  location 
and  season.  No  cross-reactivity  was  observed  with  the  other 
shrimp  species  or  lobsters.  The  results  also  indicated  that 
the  rock  shrimp-specific  McAbs  produced  by  the  hybridoma 
technique  is  very  effective  to  differentiate  the  slight 
difference  among  the  protein  "C"-like  proteins  present  in  all 
other  shrimp  species  (Fig.  23) .  A  very  slight  background 
color  developed  for  the  distant  species  samples  including 
salmon,  beef,  pork  and  chicken.  This  may  indicate  the 
presence  of  protein  "C"-like  molecules  in  these  distant 
species.  However,  the  intense  blue  color  developed  for  rock 
shrimp  was  easy  to  differentiate  from  this  slight  background. 
The  4H2-10D3  McAb  is  thus  highly  specific  for  for  rock  shrimp. 
Optimization  of  ELISA  and  Immunodot  Blot  Tests 

Pretreatment  of  antigens.  Studies  with  immunodot  blot 
and  ELISA  indicated  that  the  4H2-10D3  McAb  could  react  with 
rock  shrimp  extract  in  the  native  state.  Heat  treatment  of 
rock  shrimp  extracts  in  boiling  water  for  5  min  greatly 
enhanced  the  reactivity  with  this  McAb  as  shown  by  the 
immunodot  blot  (Fig.  31)  and  the  ELISA  (Fig.  32)  tests.  Since 
protein  "C"  used  to  immunize  mice  had  been  heat-denatured 
before  the  SDS-PAGE  run,  it  is  not  surprising  that  the  4H2- 
10D3  McAb  would  be  more  reactive  to  heat-treated  rock  shrimp 
extract  than  to  a  non-treated  extract.    Heat  treatment  causes 


130 


S  p 


o  ° 
Q_  ^ 


CD 
> 


a 

CD 


00 
Q 
CO 


D 
CD 
X 


GO 
Q 
CO 


Pink 


White 


Rock 


Figure  31.  Effect  of  the  heat  treatment,  addition  of  SDS  or 
the  combination  of  both  on  the  reactivity  of  rock 
shrimp  extract  with  4H2-10D3  McAb  as  analyzed  by 
immunodot  blot. 
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Figure  32.  Effect  of  heat  treatment,  the  addition  of  SDS  or 
the  combination  of  both  on  the  increment  of 
reactivity  of  rock  shrimp  proteins  with  4H2-10D3 
McAb  on  ELISA. 
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protein  conformational  changes  and  exposes  antigenic 
determinants  with  which  this  McAb  reacts.  The  high 
specificity  of  this  McAb  for  heat-denatured  proteins  enables 
its  use  to  detect  the  presence  of  rock  shrimp  in  processed 
seafood  products. 

The  addition  of  SDS  to  heat-treated  or  non-treated  rock 
shrimp  extract  also  increased  antigen  reactivity  with  the  4H2- 
10D3  McAb  on  the  immunodot  blot,  but  to  a  lesser  extent  than 
heat  treatment  of  the  antigen  alone  (Fig.  31) .  The  increase 
in  reactivity  in  the  presence  of  low  concentration  of  SDS  was 
believed  to  be  related  to  protein  conformational  changes 
caused  by  SDS  as  previously  discussed.  SDS  might  also  reduce 
the  amount  of  heat-denatured  proteins  available  for  reaction 
with  McAb  by  affecting  the  binding  of  the  former  to  the 
nitrocellulose  membrane.  It  has  been  reported  that  the 
presence  of  low  concentrations  of  SDS  did  not  affect  antibody 
production  or  their  specificity,  but  decreased  the  nonspecific 
binding  of  antibody  to  unrelated  antigen  (Dimitriadis,  1979; 
Stumph  et  al.,   1974;  T j ian  et  al.,  1974). 

The  reactivity  of  the  4H2-10D3  McAb  with  the  native  or 
heat-treated  antigen  determined  by  ELISA  was  reduced  after 
SDS  was  added  to  the  antigen  (Fig.  32) .  Protein  binding  to 
plastic  microtitration  plates  is  achieved  by  adsorption 
through  hydrophobic  interactions  between  nonpolar  protein 
substructures  and  the  nonpolar  plastic  matrix  (Clark  and 
Engvall,  1980) .  Because  the  presence  of  interfering 
chemicals,    such    as    SDS,    could    affect    this    weak  binding 
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(Engvall,  1980),  the  adsorption  of  shrimp  antigen  onto  ELISA 
plates  was  reduced,  thus  reducing  the  reactivity  of  the  rock 
shrimp  with  the  McAb. 

Optimization  of  antibody  and  antigen  concentrations  for 
the  ELISA  test.  The  reactivity  of  the  4H2-10D3  McAb  with  rock 
shrimp  extract  at  5  /ig/mL  increased  as  the  amount  of  McAb  used 
was  increased;  the  reactivity  plateaued  when  the  antibody 
concentration  reached  20  nq/mL  (Fig.  33).  The  reactivity  of 
this  McAb  with  pink  or  white  shrimp  extract  was  negligible 
(O.D.  readings  less  than  0.11)  even  with  the  increased  amount 
of  McAb.  To  ensure  high  reactivity,  McAb  at  50  and  100  nq/ml, 
was  used  to  determine  the  optimized  antigen  concentration  for 
reaction. 

Rock  shrimp  extract  at  10  /xg/mL  showed  the  highest 
reactivity  with  the  4H2-10D3  McAb  at  50  or  100  nq/raL 
(Fig.  34)  .  This  "prozone"  effect  could  be  due  to  the 
limitation  of  the  availability  of  the  binding  sites  for  the 
antigen  on  the  plastic  surface.  The  surface  approaches 
saturation  when  a  high  concentration  of  antigen  was  added 
(Douillard  and  Hoffman,  1983;  Pesce  et  al.,  1981)  ;  the  optimal 
range  of  antigen  coupled  to  microtitration  plates  was 
estimated  to  be  within  1-50  /ig/mL  (Douillard  and  Hoffman, 
1983) .  In  addition,  proteins  at  high  concentration  may 
aggregate  and  reduce  the  number  of  antigenic  determinants 
available  for  antibody  binding.  For  a  better  ELISA  result, 
rock  shrimp  extract  as  well  as  the  unknown  samples  at  10  /ig/mL 
was  used  to  react  with  the  McAb. 
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Figure  34.   Dose-related  changes  of  the  reactivity  of  rock 
shrimp  extract  with  the  4H2-10D3  McAb  at  50  and 
100  fiq/mL  by  ELISA. 
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It  was  also  noted  that  the  use  of  the  antibody  at 
50  /ng/mL  generally  produced  a  lower  absorbance  reading  than 
at  100  ng/mh.  This  effect  was  more  significant  at  an  antigen 
level  of  less  than  10  /xg/mL.  Antibody  binding  to 
antigen-coated  immunosorbent  matrix  has  been  reported  to  be 
proportional  to  antibody  concentration  (Pesce  et  al.,  1977); 
thus  the  higher  the  McAb  concentration  is  used,  the  better 
the  McAb  binding  to  the  antigen  coated  on  the  microtitration 
plate.  Therefore  McAb  at  100  /ng/mL  was  used  to  ensure  the 
highest  sensitivity  of  the  ELISA  test  for  the  detection  of  or 
guantitation  of  rock  shrimp. 

Determination  of  the  Accuracy  of  the  McAb  in  Identifying  Rock 
Shrimp  in  a  Blind  Study  Using  the  ELISA  Test 

Rock   shrimp    samples    obtained    from   the   East   and  West 

coasts  of  Florida  (samples  X8  and  X7)  and  at  different  months 

(February  and  December;    samples  X7   and  X22)    were  correctly 

identified  in  a  blind  study  using  24  seafood  and  meat  samples 

(Table    8)  .       Rock    shrimp    samples    obtained    from  different 

locations  and  at  different  seasons  were  egually  reactive  with 

the  McAb.    The  reactivity  for  rock  shrimp  samples  was  9  times 

higher  than  that  of  the  other  seafood  and  meat  samples,  or  the 

other    unrelated    shrimp    samples.       Since    the    yellow  color 

developed    by    ELISA    for    rock    shrimp    was    so    intense,  the 

reactivity    could   be    detected    by    direct    inspection    of  the 

plates  without  the  use  of  an  ELISA  reader.     This  will  prove 

advantageous  when  using  these  antibodies  for  field  testing. 
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Table  8.  The  reactivity  of  4H2-10D3  McAba  with  the  water 

extracts'5  of  the  various  seafood  and  meat  samples 
in  the  blind  study  using  the  ELISA  test. 


Sample  No.  Unknown  sample   Optical  density0 


XI 

Trout 

0. 

Ill 

+ 

0. 

012 

X2 

Sea  scallops 

0. 

095 

+ 

0. 

009 

X3 

Argentine-red  shrimp, 

Ecuador 

0. 

095 

+ 

0. 

011 

X4 

Beef 

0. 

097 

+ 

0. 

004 

X5 

Salmon 

0. 

126 

+ 

0. 

002 

X6 

Flounder 

0. 

102 

+ 

0. 

008 

X7 

Rock  shrimp,  Cedar  Key, 

FL  (February) 

1. 

508 

± 

0. 

068 

X8 

Rock  shrimp,  Port 

Canaveral,  FL 

1. 

125 

± 

0. 

071 

X9 

White  shrimp,  Columbia 

0. 

112 

± 

0. 

016 

X10 

White  shrimp,  Honduras 

0. 

109 

± 

0. 

006 

Xll 

Oyster 

0. 

098 

± 

0. 

012 

X12 

Tuna 

0. 

117 

± 

0. 

002 

X13 

Blue  shrimp,  Honduras 

0. 

093 

± 

0. 

010 

X14 

Lobster,  Australia 

0. 

094 

± 

0. 

011 

X15 

White  shrimp,  Peru 

0. 

099 

± 

0. 

015 

X16 

Clam 

0. 

096 

± 

0. 

004 

X17 

Grouper 

0. 

102 

± 

0. 

008 

X18 

Pork 

0. 

098 

± 

0. 

007 

X19 

Blue  shrimp,  Ecuador 

0. 

097 

± 

0. 

011 

X20 

Lobster,  FL 

0. 

094 

± 

0. 

011 

X21 

Brown  shrimp,  NC 

0. 

097 

± 

0. 

010 

X22 

Rock  shrimp,  Cedar  Key, 

FL  (December) 

1. 

303 

± 

0. 

059 

X23 

Pink  shrimp,  FL 

0. 

096 

± 

0. 

012 

X24 

Chicken 

0. 

104 

± 

0. 

019 

X25 

White  shrimp,  Ecuador 

0. 

112 

± 

0. 

013 

X26 

White  shrimp,  GA 

0. 

106 

± 

0. 

014 

'    The  McAb  used  was  10  y.q  protein/well. 

The  protein  extracts  used  was  1  /xg/well. 
c    Data  are  means  ±  standard  deviations. 
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Use  of  the  McAb  to  Ouantitate  Rock  Shrimp  in  Mixtures  in  a 
Blind  Study  Using  the  ELISA  test 

When  used  in  the  ELISA,  the  4H2-10D3  McAb  could 
accurately  identify  those  unknown  samples  which  contained 
various  amounts  of  rock  shrimp.  Among  the  24  unknown  samples 
prepared  by  randomly  mixing  the  various  seafood,  fish  or  meat 
samples  in  various  ratios  with  rock  shrimp  (Table  4) ,  all  13 
samples  which  contained  rock  shrimp  were  correctly  identified 
by  the  ELISA.  The  O.D.  readings  of  the  positive  samples  were 
all  greater  than  1.0  (data  not  shown). 

The  ability  of  the  McAb  to  detect  the  lowest  level  of 
rock  shrimp  present  in  mixture  samples  deterined  with  the 
fivefold  serial  dilutions  of  the  samples.  The  detectability 
was  interpreted  as  the  minimal  amount  of  rock  shrimp  protein 
present  in  the  most  diluted  samples  that  had  an  ELISA  O.D. 
reading  greater  than  0.2,  a  value  at  least  two  times  greater 
than  the  O.D.  readings  of  the  background  and  negative 
controls.  The  amount  of  rock  shrimp  protein  present  in 
diluted  samples  was  calculated  by  multiplying  the  initial 
total  protein  content  of  the  unknown  samples  times  the 
dilution  factor  and  the  percent  content  of  rock  shrimp  in  the 
original  sample  mixture.  The  detectability  was  found  to  range 
from  1.9  to  136  ng  with  an  average  of  43  ng  (Table  9).  The 
high  variability  of  the  values  was  partially  attributed  to 
the  variable  protein  levels  that  the  minimal  O.D.  readings 
were  chosen  from.  Rock  shrimp  proteins  in  highly  diluted 
samples  bound  better  to  the  microtitration  plates,  perhaps  due 


139 


Table  9.  Sensitivity  limit  of  the  ELISA  test  in  determining 
rock  shrimp  content  in  mixture  samples. 


Positive  Dilution  Protein  Rock  shrimp  Rock  shrimp 

samples8   Absorbance    range      content  percentage  content 


(Mq) 

(Mq) 

Z4 

0.229 

5"7 

250 

100 

0.0032 

Z5 

0.219 

5'5 

250 

100 

0.08 

Z13 

0.325 

5"5 

250 

100 

0.08 

Z15 

0.342 

5'7 

500 

33 

0.021 

Z16 

0.295 

5"5 

500 

33 

0.053 

Z17 

0.278 

5S 

500 

33 

0.053 

Z18 

0.281 

5"5 

500 

33 

0.053 

Z19 

0.203 

5"6 

500 

33 

0.011 

Z20 

0.263 

5'6 

417 

60 

0.016 

Z21 

0.250 

5"6 

333 

33 

0.007 

Z22 

0.393 

5"4 

500 

17 

0.136 

Z23 

0.263 

5'7 

500 

30 

0.0019 

Z24 

0.  303 

5"5 

333 

40 

0.042 

a   Positive  mixture  samples  containing  rock  shrimp  as 

determined  in  the  blind  study  by  ELISA. 
b   Rock  shrimp  content  was  calculated  by  multiplying  protein 

content  with  the  dilution  range  and  rock  shrimp  percentage 

in  the  mixture. 
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to  reduced  competition  by  other  proteins  for  the  same  binding 
sites.  The  composition  of  the  sample  mixtures  containing 
seafood  and/or  meat  proteins  also  could  affect  the  reactivity 
of  rock  shrimp  extract  with  the  McAb. 

Since  protein  "C"  accounted  for  19.7%  of  total  rock 
shrimp  protein,  the  sensitivity  of  the  4H2-10D3  in  detecting 
protein  "C"  using  ELISA  was  8.4  ng  (43  ng  X  19.7%).  This  was 
very  close  to  the  result  of  the  other  study  in  which  2.5  ng 
protein  "C"  was  found  to  be  the  minimal  amount  that  showed  an 
ELISA  O.D.  reading  greater  than  0.2  when  reacted  with  the  4H2- 
10D3  McAb  (data  not  shown) .  Therefore  rock  shrimp  proteins 
within  a  nanogram  range  could  be  detected  using  this  ELISA 
assay  to  reveal  the  presence  of  rock  shrimp  in  mixtures 
containing  unrelated  species  of  seafood  or  meat. 

Conclusion 

McAbs  have  been  produced  using  hybridoma  technology  which 
are  specific  for  unigue  rock-shrimp  proteins  of  MW  17.7  and 
18.5  kD  (protein  "C" ) .  These  antibodies  could  be  used  in 
immunoassays,  such  as  ELISA  and  immunodot  blots,  to  detect 
and/or  guantitate  the  presence  of  rock  shrimp  in  samples 
containing  mixtures  of  diverse  seafoods  or  other  non-seafood 
meats.  The  immunoassays  are  fast,  sensitive  and  reproducible. 
They  can  be  used  for  fast  screening  of  species  used  in  food 
products.  This  approach  should  prove  useful  for  detection  of 
specific  components  in  food  products. 


CHAPTER  VIII 
SUMMARY  AND  RECOMMENDATIONS 

Water  and  1%  SDS  were  shown  to  be  the  more  effective 
protein  extractants  for  raw  and  cooked  shrimp,  respectively. 
The  use  of  the  proper  extraction  system  not  only  increased 
protein  extractability  but  also  improved  the  accuracy  of 
shrimp  species  identification  by  SDS-PAGE  or  IEF.  This  is 
particularly  important  for  identification  of  the  species 
origin  of  cooked  seafood  because  heating  causes  protein 
denaturation  and  aggregation.  The  use  of  protein  solubilizer, 
such  as  SDS,   improves  protein  extractability. 

The  use  of  urea  at  9.2  M  in  the  isoelectric  focusing  gel 
was  found  to  greatly  increase  protein  resolution  possibly  by 
reducing  hydrophobic  interactions.  Many  more  protein  bands 
were  resolved  on  this  gel  than  on  the  native  IEF  gels 
containing  no  urea.  Protein  separation  can  further  be 
enhanced  by  using  an  ampholyte  mixture  containing  4  parts  of 
pH  4.5-6  and  one  part  of  pH  3-10  ampholytes.  The  use  of  the 
narrow  pH  range  ampholytes  expands  the  distance  between 
protein  bands,  and  thus  makes  the  identification  of  closely 
related  shrimp  species  easier.  Using  these  optimized 
conditions,  correct  species  identification  of  raw  or  cooked 
shrimp  both  native  or  in  a  mixture  was  achieved. 
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Electrophoretic  identification  method  can  be  replaced  by 
fast  and  accurate  immunochemical  assays  using  monoclonal 
antibodies  (McAbs)  specific  for  seafood  species.  McABs 
specific  for  rock  shrimp  were  developed  from  a  rock 
shrimp-specific  component,  protein  "C",  and  used  to  detect 
this  seafood  species  by  immunoassays.  One  McAb,  4H2-10D3, 
was  shown  to  be  highly  specific  for  rock  shrimp  with 
negligible  cross-reactivity  with  other  unrelated  seafood  or 
meat  samples.  This  McAb  could  be  used  for  both  ELISA  and 
immunodot  blot  to  identify  rock  shrimp  or  to  detect  the 
presence  of  rock  shrimp  in  various  seafood  and  meat  mixtures. 
This  McAb  was  demonstrated  by  ELISA  to  be  highly  sensitive  in 
detecting  rock  shrimp  protein  at  a  level  of  as  low  as  43  ng. 

Protein  "C"  is  unigue  in  that  it  is  relatively  specific 
for  rock  shrimp  and  is  not  present  in  the  other  species  of 
seafood  and  meat.  Protein  "C"  is  heat  resistant;  heat 
treatment  in  boiling  water  for  5  min  did  not  affect  its 
mobility  on  the  SDS-PAGE  gels  or  antigenic  reactivity  with 
the  4H2-10D3  McAb.  The  unigue  nature  of  this  protein  makes 
it  an  effective  marker  for  identification  of  rock  shrimp  in 
heat-processed  food  products.  Antibodies  developed  to  this 
protein  recognized  both  native  and  heat-denatured  forms  of 
protein  "C".  Therefore,  the  use  of  one  type  of  antibody 
developed  this  way  can  possibly  identify  the  species  of  raw 
seafood  and  heat  processed  products. 

It  is  interesting  to  study  the  nature  of  protein  "C"  and 
its  relationship  to  the  other  proteins  found   in  different 
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shrimp  species  which  have  molecular  weight  similar  to  that  of 
protein  "C" .  Protein  "C"  can  be  separated  from  the  other  rock 
shrimp  proteins  using  an  affinity  column  conjugated  with 
protein  "C'-specif ic  McAbs .  From  the  determination  of  the 
extractability  of  protein  "C",  an  accurate  estimation 
procedure  to  quantitate  rock  shrimp  in  mixtures  can  be 
established.  The  protein  content  in  cells  as  well  as  the 
level  of  enzymes  used  for  the  synthesis  of  proteins,  chit in, 
lipids,  and  nucleic  acids  needed  for  molting  are  known  to 
change  with  the  molting  stage.  Since  muscle  protein  levels 
are  affected  by  the  sex,  age  and  molting  stage  of  the 
Crustacea,  it  will  be  interesting  to  investigate  the 
quantitative  and  qualitative  relationship  between  the 
aforementioned  factors  on  the  protein  "C"  of  rock  shrimp  and 
the  similar  proteins  present  in  other  shrimp  species. 

It  would  be  possible  to  develop  an  easy-to-use  species 
detection  kit  applying  immunodot  blotting  after  the  specific 
McAbs  for  some  popular  or  prevalent  seafood  species  are 
produced.  The  species-specific  McAb  can  be  fixed  in  the 
immunodot  blot  in  a  container  and  used  to  react  with  crude 
protein  extracts  of  various  seafood  products.  From  the  color 
development  following  the  addition  of  enzyme-labeled 
antibodies  and  substrates,  the  antigen-antibody  reaction  can 
be  demonstrated.  This  test  procedure  has  the  advantage  over 
the  ELISA  in  field  testing  by  reducing  the  equipment 
requirement.      This  assay  method  can  be  used  not  only  for 


144 


detection  but  also  for  quantitation  of  a  particular  species 
by  including  various  amounts  of  reference  species  fixed  on 
the  blot. 


APPENDIX 

ELECTROPHORETIC  IDENTIFICATION  OF  FISH  SPECIES 
USED  IN  SURIMI  PRODUCTS 

Introduction 

Surimi  is  a  mechanically  deboned,  minced  fish  meat 
(washed  to  remove  blood,  fat,  soluble  pigments  and  other 
odoriferous  substances)  which  is  mixed  with  cryoprotectants , 
namely,  sugar  and/or  sorbitol  (Lee,  1984,  1986a).  The  washing 
process  greatly  improves  the  color  and  the  odor  of  the  minced 
fish  and  stabilizes  the  functional  properties  of  surimi  during 
frozen  storage  (Rasekh  et  al.,  1980).  Due  to  its  light  color, 
bland  odor  and  unique  gelling  properties,  surimi  is  used  as 
a  functional  protein  ingredient  in  the  manufacture  of  a 
variety  of  fabricated  seafood  products  such  as  crab  legs, 
scallops,  lobster  and  shrimp  analogs  (Lanier,  1986;  Regenstein 
and  Lanier,  1986) .  Concurrent  with  the  development  of  surimi 
processing  technology,  surimi-based  products  have  recently 
demonstrated  tremendous  growth  and  acceptance  in  the  US 
marketplace. 

To  formulate  the  fabricated  seafood  products,  surimi  is 
combined  with  natural  shellfish  meat,  shellfish  flavoring 
agents,  salt,  water  and  starch,  and/or  egg  white  to  modify 
the  functionality  and  to  enhance  the  flavor  and  texture.  The 
finished  products  must  be  labeled  properly  to  meet  the  Food 
and  Drug  Administration   (FDA)    guidelines  which  reflect  the 
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nature  of  the  products.  Martin  (1986)  has  also  stressed  the 
need  to  establish  proper  nomenclature  and  labeling  for  newly 
developed  seafood  analogs.  These  must  meet  FDA  requirements 
which  have  an  impact  on  the  two  major  ingredients  in  the 
fabricated  seafood  products:  the  fish  species  as  the  main 
ingredient  and  the  other  species,  such  as  snow  crab  meat  for 
crab  meat  analog,  as  the  additional  ingredient.  One  area  of 
concern  is  a  blended  surimi  in  which  the  surimi  make-up  is 
more  than  one  species.  The  use  of  such  a  blended  surimi  is 
likely  to  increase  as  industry  is  trying  to  make  the 
production  more  economical.  Problems  also  exist  regarding  the 
labeling  of  the  content  of  the  specific  seafood  components. 
Products  with  claims  of  35%  crab  meat  are  widely  sold  when  the 
use  of  over  10%  crab  meat  is  known  to  show  detrimental  effect 
to  the  product  (Regenstein  and  Lanier,  1986) .  Thus  the 
establishment  of  useful  methods  to  identify  species  origin, 
and  if  possible,  the  content  of  surimi  product  is  of  great 
need  for  regulatory  purposes  and  for  protection  of  consumer's 
values.  Compared  to  raw  fish,  the  identification  of  the  fish 
origin  in  finished  surimi-based  products  is  complicated  by 
the  fact  that  the  fish  proteins  are  heat-denatured  during 
steaming,  and  that  most  of  the  sarcoplasmic  proteins  are 
washed  away  during  the  rinsing  process  (Lee,  1984,  1986a). 
Using  1%  sodium  dodecyl  sulfate  (SDS)  or  8  M  urea  to  extract 
proteins,  An  et  al.  (1988,  1989a)  have  successfully  identified 
the  species  and  genus  of  cooked  shrimp  on  sodium  dodecyl 
sulfate-polyacrylamide  gel  electrophoresis  (SDS-PAGE)  and  urea 
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gel  isoelectric  focusing  (IEF) .  However,  no  attempts  have 
been  made  on  the  species  identification  in  surimi  samples. 
This  study  was  therefore  carried  out  to  determine  if  the  above 
mentioned  techniques  could  effectively  differentiate  the 
protein  patterns  of  Alaska  pollock  and  red  hake  and  to 
identify  these  two  species  used  in  surimi. 

Materials  and  Methods 
Alaska  pollock  (Theragra  chalcogramma)  and  red  hake 
(Uropjhycis  chuss)  ,  the  two  most  commonly  utilized  species  in 
surimi  manufacturing  (Babbitt,  1986) ,  were  used.  Red  hake 
fillet  and  surimi  were  prepared  at  the  surimi  pilot  plant  of 
the  Department  of  Food  Science  and  Nutrition  at  the  University 
of  Rhode  Island  and  were  shipped  frozen  to  the  Food  Science 
and  Human  Nutrition  Department  at  the  University  of  Florida. 
Red  hake  surimi  was  prepared  following  a  procedure  described 
by  Lee  (1986b) .  Frozen  Alaska  pollock  fillet  was  provided  by 
Arctic  Alaska  Seafoods,  Inc.  (Seattle,  WA) ,  while  surimi  was 
manufactured  by  the  Alaska  Pacific  Seafoods  (Kodiak,  AK)  and 
obtained  from  the  Alaska  Fisheries  Development  Foundation 
(Anchorage,  AK) .  The  samples  were  cut  into  small  pieces  of 
about  5  g,  put  in  a  Whirl-Pak  bag  (Fisher  Scientific)  ,  and 
stored  at  -33°C  until  needed.  Heat  treatment  of  the  samples 
was  'done  by  cooking  in  boiling  water  for  5  min.  All 
experiments  were  repeated  at  least  twice. 
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Protein  Extraction  and  Sample  Preparation  for  Gel 
Electrophoresis 

Raw  fish  fillet  and  surimi  samples  were  extracted  with 
water  only,  while  cooked  samples  were  extracted  with  water, 
1%  SDS  (95%  purity)  or  8  urea  (electrophoresis  purity 
reagent).  All  solvents  contained  0.1  mM  phenylmethylsulfonyl 
fluoride  (PMSF) ,  10  mM  EDTA  and  0.01%  (w/v)  sodium  azide  to 
inhibit  proteases  and  microbial  growth.  The  chopped  samples 
of  the  fish  fillet  or  surimi  were  combined  in  a  beaker  with 
each  solvent  at  a  ratio  of  1:3  (w/v),  and  homogenized  at  room 
temperature  for  1  min  using  a  Polytron  (setting  5.5).  The 
homogenates  were  centrifuged  at  48,000  x  g  for  20  min  at  20°C, 
the  supernatants  were  collected,  and  the  protein  contents 
determined  (Lowry  et  al.,  1951).  The  protein  content  in  the 
supernatant  was  then  adjusted  with  water  to  5  /ig/iiL.  Sucrose 
(3-4  granules)  was  then  added  to  each  100  tiL  extract,  and 
100  /zg  protein  was  applied  on  a  IEF  gel.  For  SDS-PAGE,  35  /xg 
protein  was  loaded  on  the  gel  after  the  protein  content  of  the 
supernatant  was  adjusted  to  1.75  ng/nh  with  Tris-HCl  buffer 
(pH  6.8)  and  SDS  solution,  heat-denatured,  then  finally 
sucrose  and  bromophenol  blue  were  added  (O'Farrell,  1975). 

The  fish  and  surimi  extracts  were  mixed  in  a  1:1  protein 
ratio  (w/w,  mixed  sample) .  The  mixture  was  processed  as  above 
and  subjected  to  SDS-PAGE  or  IEF  analysis. 
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Isoelectric  Focusing 

A  gel  mixture  containing  4%  (w/v)  acrylamide,  2%  (w/v) 
Triton  X-100  and  9.2  M  urea  was  heated  to  37°C  with  shaking 
for  5  min  to  dissolve  urea.  Ampholyte  was  added  at  a  final 
concentration  of  6.2%  and  the  gel  mixture  was  degassed  for 
5  min.  The  mixture  was  then  combined  with  fresh  persulfate 
solution  and  N , N , N 1 , N • -tetramethylethylenediamine  (TEMED) 
(final  concentration:  0.02%  (v/v)  and  0.14%  (v/v) , 
respectively)  ,  and  poured  into  16  x  20  cm  slab  gel  plates 
(0.75  mm  thick)  assembled  with  a  comb.  The  gel  was  allowed 
to  polymerize  for  1  hr.  Lysis  buffer  containing  9.5  M  urea, 
2%  Triton  X-100  and  2%  (v/v)  ampholyte  was  overlayed  on  the 
gel  following  the  removal  of  the  comb.  The  gel  was  allowed 
to  sit  for  another  hour.  Prefocusing  of  the  gel  was  done, 
after  the  lysis  buffer  was  replaced  with  a  fresh  buffer,  at 
200  V  for  15  min,  300  V  for  30  min,  and  then  400  V  for  30  min 
in  a  Protean  II  electrophoresis  slab  gel  unit  using  0.01  M 
phosphoric  acid  as  the  anode  solution  and  0.02  M  sodium 
hydroxide  as  the  cathode  solution. 

Both  the  lysis  buffer  and  cathode  solution  were  removed 
after  prefocusing.  Following  the  application  of  protein 
samples  to  the  gel,  an  agueous  solution  containing  2%  (w/v) 
Tritpn  X-100  and  2%  ampholyte  was  overlayed  on  the  top  of  the 
protein  samples.  After  the  gel  plate  was  reassembled  in  the 
electrophoresis  unit,  fresh  cathode  solution  was  added  to  the 
chamber.    Proteins  were  focused  at  room  temperature  for  17  hrs 
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at  400  V  with  circulating  water.  After  the  IEF  run,  the  gel 
was  stained  with  Coomassie  blue  R-250  and  destained. 

The  apparent  pi  values  of  the  fish  and  surimi  proteins 
were  determined  indirectly  by  comparing  their  Rf  values  on 
the  gel  with  those  of  the  protein  standards  following  the 
previously  described  procedures  (An  et  al.,  1989a).  The  pH 
profile  of  the  gel  was  determined  by  scanning  the  pH 
throughout  the  gel  using  a  micro-surface  pH  electrode.  A 
linear  relationship  of  gel  pH  and  the  Rf  values  of  protein 
standards  enabled  the  apparent  pi  values  for  the  sample 
proteins  to  be  determined.  The  protein  standards  (Broad  pi 
kit,  pH  3-10,  Pharmacia)  contained:  trypsinogen,  pi  9.30; 
lentil  lectin-basic  band,  pi  8.65,  -middle  band,  pi  8.45, 
-acidic  band,  pi  8.15;  horse  myoglobin-basic  band,  pi  7.35, 
-acidic  band,  pi  6.85;  human  carbonic  anhydrase  B,  pi  6.55; 
bovine  carbonic  anhydrase,  pi  5.85;  B-lactoglobulin  A,  pi 
5.20;  soybean  trypsin  inhibitor,  pi  4.55;  and 
amyloglucosidase,  pi  3.50. 

Sodium  Dodecyl  Sulfate-Polyacrylamide  Gel  Electrophoresis 
(SDS-PAGE) 

SDS-PAGE  was  performed  according  to  the  modified 
procedure  of  Laemmli  (1970)  and  O'Farrell  (1975)  using  a 
Protean  II  (vertical  slab)  unit.  Slab  gels  consisted  of  a 
running  gel  (10.4%)  which  was  polymerized  overnight,  and  a 
stacking  gel  (3.1%)  which  was  poured  2  hr  before  sample 
application.  The  protein  samples  were  run  initially  at  a 
constant     current     of  15     mA/slab    and    then     increased  to 
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30  mA/slab  when  the  marker  front  reached  the  running  gel. 
Following  electrophoresis,  the  proteins  were  stained  with 
0.125%  (w/v)  Coomassie  Brilliant  Blue  R-250  in  40%  ethanol  and 
7%  acetic  acid,  and  then  destained  in  7%  acetic  acid. 
Electrophoretic  patterns  were  recorded  by  developing  the 
positive  image  using  a  Kodak  Electrophoresis  Duplicating  Paper 
(EDP  paper) .  Molecular  weights  of  the  protein  bands  were 
determined  according  to  the  method  of  Weber  and  Osborn  (1969) 
and  Weber  et  al.  (1972)  using  a  low  molecular  weight  protein 
kit  (Pharmacia)  containing  phosphorylase  b  (MW  94  kD)  ,  bovine 
serum  albumin  (67  kD) ,  ovalbumin  (43  kD) ,  carbonic  anhydrase 
(30  kD)  ,  soybean  trypsin  inhibitor  (21.1  kD)  and  a-lactalbumin 
(14.4     kD)  .  a-Lactalbumin     was     not     included     for  MW 

determination  due  to  its  high  Rf  value  (>0.90)  (Dunker  and 
Rueckert,   1969;  Weber  and  Osborn,  1975). 

Results  and  Discussion 
Water  Extracts  of  Intact  Fish  and  Surimi 

SDS-PAGE  and  IEF  were  shown  to  be  effective  in 
demonstrating  species  differences  in  protein  patterns  of  the 
water  extracts  of  raw  fish  and  surimi  samples  (Figs.  35  and 
36) .  Using  SDS-PAGE,  Alaska  pollock  showed  characteristic 
bands  with  MW's  of  94.9,  89.5,  88.3  and  79.2  kD  while  the  red 
hake. showed  specific  bands  with  MW's  of  87.0,  68.3,  22.7  and 
21.9  kD.  All  these  species  specific  bands  were  found  in  the 
fish  and  fish-surimi  mixtures  (Fig.  35) . 

A  portion  of  the  sarcoplasmic  proteins  (up  to  21%  of 
minced  meat  was  washed  away   from  the   fish  proteins  during 
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Figure  35.  SDS-PAGE  patterns  of  intact  fillet  and  surimi  of 
Alaska  pollock  and  red  hake  extracted  with  water. 
Sample  mixtures  were  prepared  as  shown  by  the 
abbreviations.     The  numerical  designations 
indicate  molecular  weights  (kD)  of  the  protein 
bands.  AF:  Alaska  pollock  fillet,  AS:  Alaska 
pollock  surimi,  RF:  red  hake  fillet,  and  RS:  red 
hake  surimi. 
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Figure  36.  IEF  patterns  of  intact  fillet  and  surimi  of 

Alaska  pollock  and  red  hake  extracted  with  water 
(cathode  on  top) .     Sample  mixtures  were  prepared 
as  shown  by  the  abbreviations.     The  numerical 
designations  indicate  apparent  pi  values  of  the 
protein  bands.     AF:  Alaska  pollock  fillet, 
AS:  Alaska  pollock  surimi,  RF:  red  hake  fillet, 
and  RS:  red  hake  surimi. 
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surimi  manufacturing  (Lee,  1986a).  This  may  cause 
complications  in  the  species  identification  process  of  surimi 
samples,  especially  when  the  specific  proteins  in  samples  were 
only  present  in  minor  quantities  in  the  fish.  Generally,  the 
surimi  samples  still  showed  the  basic  patterns  as  those  of 
the  fish  fillet  form  which  they  were  made.  Some  of  the 
characteristic  protein  bands,  such  as  the  94.9,  88.3  and 
79.2  kD  of  Alaska  pollock  and  the  68.3,  22.7  and  21.9  kD  of 
red  hake,  were  missing  in  the  corresponding  surimi  samples. 
New  bands  with  MW  of  51.3,  23.4  and  20.8  kD  were  found  in 
Alaska  pollock  surimi.  These  bands  were  also  present  in  the 
AS+RS  mixture  and  they  can  be  used  with  reservation  to 
differentiate  surimi  mixtures.  Due  to  the  similarities  of 
the  AS  and  RS  banding  patterns,  the  AS+RS  mixture  patterns 
can  hardly  be  differentiated  as  being  AS  alone  or  as  the 
combination  of  AS  and  RS.  However,  the  use  of  the  IEF 
patterns,  as  indicated  in  the  later  sections,  will  help  the 
identification  process. 

The  study  with  IEF  showed  that  protein  bands  at  the 
anodic  end  were  more  useful  for  species  identification  for 
both  the  fish  and  the  surimi  samples.  Alaska  pollock  had 
specific  protein  bands  with  pi  values  of  6.61  and  5.13  while 
the  red  hake  had  specific  bands  of  6.85,  6.79,  6.67,  6.35  and 
4.63  (Fig.  36).  These  specific  bands  were  evident  in  the  fish 
and  fish-surimi  mixtures.  The  5.22  band  of  Alaska  pollock  and 
red  hake,  the  5.13  band  of  Alaska  pollock,  and  the  4.63  band 
of  red  hake  were  missing  in  the  surimi  samples.     Tow  bands 
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with  pi  values  of  5.71  and  5.62  were  found  in  Alaska  pollock 
surimi.  The  reason  for  their  presence  in  surimi  and  not  in 
the  corresponding  fish  is  not  known.  It  was  speculated  that 
some  of  the  relative  percent  of  the  minor  proteins  had  been 
increased  after  washing  due  to  the  loss  of  major  proteins. 
The  reliability  of  the  surimi  supply  as  well  as  the  presence 
of  residual  proteolytic  enzyme  activity  may  also  contribute 
to  the  appearance  of  the  new  bands. 

The  identification  of  fish  species  used  in  surimi  was 
made  possible  using  a  urea  IEF  system.  The  patterns  of  AS 
and  RS  could  be  differentiated  from  each  other  using  the 
specific  bands  of  5.71  and  5.62  for  AS  and  6.85  and  4.63  for 
RS.  These  specific  bands  were  also  present  in  the  AS+RS 
mixture;  this  makes  the  differentiation  of  AS,  RS,  and  AS+RS 
possible. 

Water  Extraction  of  Cooked  Fish  and  Surimi 

Heat  treatment  of  fish  and/or  surimi  greatly  reduced  the 
number  of  water-extractable  protein  bands  present  on  the 
SDS-PAGE  and  IEF  gels  (Figs.  37  and  38)  .  Minor  bands  with 
MW's  of  21.7  and  23.6  kD  were  specific  for  the  cooked  surimi 
of  Alaska  pollock  and  red  hake,  respectively  (Fig.  37) . 
Therefore  they  could  be  used  for  species  identification  of  a 
surimi  mixture  (AS+RS)  containing  Alaska  pollock  and  red  hake. 
The  19.9  kD  band  was  specific  for  the  cooked  Alaska  pollock 
fillet  and  could  be  used  to  indicate  the  presence  of  Alaska 
pollock  in  a  fish  mixture  (AF+RF) . 
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Figure  37.  SDS-PAGE  patterns  of  cooked  fillet  and/or  surimi 
of  Alaska  pollock  and  red  hake  extracted  with 
water.     Sample  mixtures  were  prepared  as  shown  by 
the  abbreviations.     The  numerical  designations 
indicate  molecular  weights  (kD)   of  the  protein 
bands.     AF:  Alaska  pollock  fillet,  AS:  Alaska 
pollock  surimi,  RF:  red  hake  fillet,  and  RS:  red 
hake  surimi. 
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Figure  38.  IEF  patterns  of  cooked  fillet  and/or  surimi  of 

Alaska  pollock  and  red  hake  extracted  with  water 
(cathode  on  top) .     Sample  mixtures  were  prepared 
as  shown  by  the  abbreviations.     The  numerical 
designations  indicate  apparent  pi  values  of  the 
protein  bands.     AF:  Alaska  pollock  fillet, 
AS:  Alaska  pollock  surimi,  RF:  red  hake  fillet, 
and  RS:  red  hake  surimi. 
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The  IEF  study  also  indicated  that  a  protein  band  with  a 
pi  of  5.03  was  specific  for  Alaska  pollock  whereas  the  one  at 
4.56  was  specific  for  red  hake  (Fig.  38).  The  5.09  band  was 
detected  only  in  the  water  extracts  of  the  two  cooked  fish 
samples  but  not  in  the  surimi,  whereas  the  4.70  band  was 
detected  only  in  cooked  Alaska  pollock  surimi.  The  4.82  minor 
band  of  the  Alaska  pollock  fillet  was  not  detected  in  the 
corresponding  surimi  sample.  Differentiation  of  AS,  RS  and 
AS+RS  mixture  could  be  achieved  from  the  presence  of  the  4.70 
band  for  AS  and  the  4.82  band  for  RS.  However,  washing  of 
various  batches  of  surimi  could  result  in  the  4.70  band  for 
AF  being  present  in  the  surimi.  Therefore  care  must  be  taken 
with  the  water-extracted  cooked  surimi  because  of  the  chance 
of  the  doublet  for  AS+RS  resulting  from  the  AF  alone. 
SDS  and  Urea  Extracts  of  Cooked  Fish  and  Surimi 

As  noticed  in  our  previous  studies  (An  et  al.,  1988, 
1989a)  ,  the  use  of  SDS  and  urea  greatly  enhanced  protein 
extraction  from  cooked  samples  than  that  of  water.  Fish  and 
surimi  also  showed  an  increased  number  of  protein  bands  on 
the  electrophoretic  gels  after  treating  cooked  samples  with 
SDS  and  urea.  In  addition,  the  banding  patterns  of  the  SDS 
and  urea  extracts  were  very  similar  on  the  SDS-PAGE  gels. 
Many,  of  the  low  MW  bands  of  the  SDS-PAGE  gels  were 
species-specific  and  could  be  used  for  species  identification 
(Figs.  39  and  40).  These  SDS-extractable  bands  were  the  47.1, 
45.9,  35.5,  23.8  and  21.2  kD  bands  for  Alaska  pollock  fillet 
and  surimi,  and  the  25.3  and  20.3  kD  bands  for  red  hake  fillet 
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Figure  39.  SDS-PAGE  patterns  of  cooked  fillet  and/or  surimi 
of  Alaska  pollock  and  red  hake  extracted  with 
SDS.     Sample  mixtures  were  prepared  as  shown  by 
the  abbreviations.     The  numerical  designations 
indicate  molecular  weights  (kD)  of  the  protein 
bands.     AF:  Alaska  pollock  fillet,  AS:  Alaska 
pollock  surimi,  RF:  red  hake  fillet,  and  RS:  red 
hake  surimi. 
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Figure  40.  SDS-PAGE  patterns  of  cooked  fillet  and/or  surimi 
of  Alaska  pollock  and  red  hake  extracted  with 
urea.     Sample  mixtures  were  prepared  as  shown  by 
the  abbreviations.     The  numerical  designations 
indicate  molecular  weights   (kD)   of  the  protein 
bands.     AF:  Alaska  pollock  fillet,  AS:  Alaska 
pollock  surimi,  RF:  red  hake  fillet,  and  RS:  red 
hake  surimi. 
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and  surimi  (Fig.  39).  For  urea  extracts,  the  46.1,  45.1, 
23.6,  and  20.7  kD  bands,  and  the  58.2,  24.7  and  19.5  bands 
were  specific  for  Alaska  pollock  and  red  hake,  respectively. 

From  the  specific  banding  patterns  and  the  presence  of 
species-specific  protein  bands  displayed  on  IEF  gels,  the 
species  origin  of  the  SDS  and  urea  extracts  of  fish  and/ or 
surimi  samples  could  be  achieved  (Figs.  41  and  42)  .  The 
patterns  were  different  between  the  two  fish  species  and  the 
two  surimi  samples.  More  protein  bands  were  extracted  by  urea 
from  the  cooked  samples  than  by  SDS  or  water  (Figs.  38,  41  and 
42)  . 

The  IEF  patterns  of  the  SDS  extracts  revealed  that  the 
bands  with  pi  values  of  5.72,  5.12  or  4.80  were  specific  for 
Alaska  pollock  surimi,  fish  fillet,  or  both,  respectively; 
whereas  the  bands  of  6.85,  6.74,  5.22  and  4.64  were  specific 
for  red  hake  fish  sample  but  not  the  surimi.  The  5.49  band 
of  red  hake  was  specific  both  for  the  fish  and  surimi. 
Differentiation  of  AS,  RS  and  AS+RS  mixture  could  be  achieved 
from  the  presence  of  the  5.49  band  of  RS  and  4.80  band  of  AS 
(Fig.  41)  .  For  urea  extracts,  the  protein  patterns  on  the  IEF 
gels  were  similar  between  the  fish  and  surimi  samples  even 
though  some  specific  bands  were  missing  in  surimi  samples. 
The  ,5.65  band  was  specific  for  Alaska  pollock,  whereas  the 
5.59  and  5.54  bands  were  specific  for  red  hake  (Fig.  42).  The 
5.10  and  4.94  bands  of  the  Alaska  pollock  fish,  and  the  5.17 
and  4.71  bands  of  the  Alaska  pollock  fish,   and  the  5.17  and 
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Figure  41.  IEF  patterns  of  cooked  fillet  and/or  surimi  of 
Alaska  pollock  and  red  hake  extracted  with  SDS 
(cathode  on  top) .     Sample  mixtures  were  prepared 
as  shown  by  the  abbreviations.     The  numerical 
designations  indicate  apparent  pi  values  of  the 
protein  bands.     AF:  Alaska  pollock  fillet, 
AS:  Alaska  pollock  surimi,  RF:  red  hake  fillet, 
and  RS:  red  hake  surimi. 
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Figure  42.  IEF  patterns  of  cooked  fillet  and/or  surimi  of 
Alaska  pollock  and  red  hake  extracted  with  urea 
(cathode  on  top) .     Sample  mixtures  were  prepared 
as  shown  by  the  abbreviations.     The  numerical 
designations  indicate  apparent  pi  values  of  the 
protein  bands.     AF:  Alaska  pollock  fillet, 
AS:  Alaska  pollock  surimi,  RF:   red  hake  fillet, 
and  RS :   red  hake  surimi . 
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4.71  bands  of  red  hake  were  missing  in  their  respective  surimi 
samples  and  therefore  could  be  used  for  identification 
purposes . 

Conclusion 

A  good  method  for  the  identification  of  the  species 
origin  of  surimi  products  has  never  been  reported  in  the 
literature.  The  SDS-PAGE  and  IEF  methods  were  shown  in  this 
study  to  be  effective  in  distinguishing  the  species 
specificity  between  Alaska  pollock  and  red  hake  of  raw  or 
cooked  fish  and  surimi  samples.  Although  water  is  a  good 
protein  extractant  for  raw  samples,  it  does  not  provide  the 
specificity  needed  for  cooked  samples.  The  use  of  SDS  or 
urea,  however,  will  increase  the  number  of  proteins  extracted 
from  cooked  samples  of  fish  or  surimi  and  thus  improve  the 
effectiveness  of  species  differentiation  with  SDS-PAGE  or  IEF. 
This  method  appears  to  have  potential  application  for 
identifying  raw  and  cooked  fish  species  and  surimi  samples. 
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